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ᩘ䛿 130୓䛷䛒䜚䚸䛜䜣䛜ཎᅉ䛷ஸ䛟䛺䛳䛯ே䛿䛭䛾ෆ䛾⣙ 30䠂䛷䛒䜛 37 ୓ே䛷䛒
䛳䛯 2)䚹䛣䛾ཎᅉ䛻䛿ႚ↮䜔㣗⏕ά䛾Ḣ⡿໬䚸㧗㱋໬䛺䛹䛜῝䛟㛵୚䛧䛶䛔䜛䛣䛸䛜
▱䜙䜜䛶䛔䜛䚹 
 
Fig. 1-1 ᪥ᮏ䛻䛚䛡䜛✀䚻䛾⑌ᝈ䛾Ṛஸ⪅ᩘ䛾᥎⛣ 2)  
0
10
20
30
40
1975 1985 1995 2005 2015
Ṛ
ஸ
⪅
ᩘ
䠄୓
ே
䠅
ᖺ
䛜䜣 ᚰ⑌ᝈ ⬻⾑⟶⑌ᝈ ⫵⅖
2 
 
䛜䜣⣽⬊䛿䚸㑇ఏᏊ䛻ᨺᑕ⥺䜔໬Ꮫ≀㉁➼䛷യ䛜䛴䛔䛯ሙྜⓎ⏕䛩䜛䚹⣽⬊䛾ቑ
Ṫ䜢䝁䞁䝖䝻䞊䝹䛩䜛㑇ఏᏊ䛷䛒䜛 myc䜔 ras➼䛜␗ᖖ䜢䛝䛯䛧䛯ሙྜ䚸⺮ⓑ㉁䜢␗
ᖖ䛻ྜᡂ䛩䜛䛣䛸䛷⣽⬊ቑṪ䜈䛾䜰䜽䝉䝹䛜㋃䜎䜜⥆䛡䛯≧ែ䛻䛺䜛䚹䜎䛯䚸䛭䛾䜘䛖
䛺䛜䜣㑇ఏᏊ䜢ᢚไ䛩䜛䚸p53䚸 RB䚸 MLH1➼䛾䛜䜣ᢚไ㑇ఏᏊ䛜⣽⬊Ṛ䛾ㄏᑟ䚸
⣽⬊ቑṪ䛾ᢚไ䚸DNA䛾ಟ᚟䛻䜘䛳䛶䝤䝺䞊䜻䜢䛛䛡䛶䛔䜛䚹䛧䛛䛧䚸䛣䛾䛜䜣ᢚไ
㑇ఏᏊ䛜୙άᛶ໬䛧䛶䛔䜛䛸䚸䛜䜣㑇ఏᏊ䛻䜘䛳䛶䜰䜽䝉䝹㋃䜎䜜⥆䛡䛯䜎䜎䛻䛺䜚䚸
↓⛛ᗎ䛻ቑṪ䜢⧞䜚㏉䛩䛜䜣⣽⬊䜈䛸䛺䜛䚹 
䛜䜣἞⒪䛻䛿୺䛻䚸እ⛉⒪ἲ䚸ᨺᑕ⥺⒪ἲ䚸໬Ꮫ⒪ἲ䛜䛒䜛䚹እ⛉⒪ἲ䛷䛿䚸䛜䜣
䛾⑓ᕢ䜢ษ㝖䛧䚸䛭䛾⮚ჾ䛾࿘㎶⤌⧊䜔䝸䞁䝟⠇䛻㌿⛣䛜䛒䜜䜀䚸୍⥴䛻ྲྀ䜚㝖䛟䚹
䛧䛛䛧䚸๰㒊䛾἞⒵䛸඲㌟䛾ᅇ᚟䛻᫬㛫䛜䛛䛛䜛䛣䛸䜔䚸⮚ჾ䜢ษ㝖䛩䜛䛣䛸䛻䜘䛳
䛶䚸⮚ჾ䜔య䛾ᶵ⬟䛜ኻ䜟䜜䜛䛣䛸䚸䛤䛟ᑠ䛥䛺㌿⛣䠄ᚤᑠ㌿⛣䠅䛿἞⒪䛷䛝䛺䛔䛣䛸䚸
⬻⭘⒆䛺䛹䛾ᡭ⾡୙⬟䛺ሙᡤ䛻䛷䛝䛯䛜䜣䛻䛿㐺ᛂ䛷䛝䛺䛔䛺䛹䛾ၥ㢟䛜䛒䜛䚹ᨺ
ᑕ⥺⒪ἲ䛿䚸䛜䜣䛾⑓ᕢ㒊䛻ᨺᑕ⥺䜢↷ᑕ䛧䚸䛜䜣⣽⬊䜢Ṛ⁛䛥䛫䜛ᒁᡤ⒪ἲ䛷䛒
䜛䚹᳨ᰝᢏ⾡䜔↷ᑕ᪉ἲ䛾㐍Ṍ䛻䜘䜚䚸䛜䜣䛰䛡䛻㞟୰ⓗ䛻↷ᑕ䛩䜛䛣䛸䛜䛷䛝䚸἞
⒪ຠᯝ䛿᱁ẁ䛻ྥୖ䛧䛶䛔䜛䚹䛧䛛䛧䚸↷ᑕ㒊఩䛾⅖⑕䜔䚸ṇᖖ⣽⬊䛻ᑐ䛧䛶ᙳ㡪䜢
୚䛘䛶䛧䜎䛖䚹 
໬Ꮫ⒪ἲ䛿䚸㐍⾜ᛶ䛾䛜䜣䜔እ⛉⒪ἲ䛜⾜䛘䛺䛔⾑ᾮ⣔䛾䛜䜣䛻᭷ຠ䛸䛥䜜䛶䛔
䜛䚹୺䛻」ᩘ䛾ᢠ䛜䜣๣䜢ᢞ୚䛩䜛ከ๣ే⏝⒪ἲ䛜⾜䜟䜜䜛䚹䛜䜣⣽⬊䛿䚸ṇᖖ⣽
⬊䛻ẚ䜉ᩘከ䛟ศ⿣䚸ቑṪ䛩䜛䛣䛸䛜▱䜙䜜䛶䛔䜛䚹䛣䛖䛧䛯䛣䛸䛛䜙ከ䛟䛾ᢠ䛜䜣๣
䛿䚸䛜䜣⣽⬊䛾㑇ఏ᝟ሗ䜢䝁䞊䝗໬䛩䜛 DNA䛾ྜᡂ䜢┤᥋ⓗ䜎䛯䛿㛫᥋ⓗ䛻㞀ᐖ
䛩䜛䛣䛸䛻䜘䛳䛶ቑṪ䜢㜼Ṇ䛩䜛䚹䛧䛛䛧䚸యෆ䛻䛿άⓎ䛻ቑṪ䜢⧞䜚㏉䛩ẟ㧥䚸⭠⣽
⬊䚸ⓑ⾑⌫⣔䛾⣽⬊➼䛾ṇᖖ⣽⬊䜒Ꮡᅾ䛩䜛䚹䛣䜜䜙䛾⣽⬊䛿䚸䛜䜣⣽⬊䛸ྠᵝ䛻ᢠ
䛜䜣๣䛾ᙳ㡪䜢ᙉ䛟ཷ䛡䜛䛣䛸䛸䛺䜚㔜⠜䛺๪స⏝䜢ᘬ䛝㉳䛣䛩䛣䛸䛸䛺䜛䚹୍⯡ⓗ䛻
ᢠ䛜䜣๣䛿⃰ᗘ䚸᫬㛫䛻౫Ꮡ䛧ຠᯝ䜢Ⓨ᥹䛩䜛䛣䛸䛛䜙䚸䛜䜣ᝈ⪅䛾䜘䛖䛻㛗ᮇ䛻Ώ
䜚኱㔞䛾ᢠ䛜䜣๣䛾ᢞ୚䜢ཷ䛡䜛ሙྜ䚸䛭䛾⏝㔞䚸ᮇ㛫䛻ᛂ䛨䛯๪స⏝䜢⿕䜛䛣䛸䛸
䛺䜛䚹୺䛺๪స⏝䛻⬺ẟ䜔ฟ⾑䚸㈋⾑䚸ⓑ⾑⌫䛾ῶᑡ䛺䛹䛾๪స⏝䛜ᘬ䛝㉳䛣䛥䜜䜛
3)䚹䜎䛯䚸㏆ᖺศᏊᶆⓗ⸆䛾㛤Ⓨ䛜㐍䜏ᵝ䚻䛺⸆๣䛜⮫ᗋ䛷౑⏝䛥䜜䛶䛔䜛䚹䛣䜜䜎
䛷䛾ᢠ䛜䜣๣䛿⣽⬊ศ⿣䛾㐣⛬䛻┤᥋స⏝䛩䜛䛯䜑䚸⭘⒆⣽⬊䜈䛾≉␗ᛶ䛜ప
䛔䚹䛣䛾⤖ᯝ䚸㔜⠜䛺๪స⏝䛜ᘬ䛝㉳䛣䛥䜜䜛䛣䛸䛜ḞⅬ䛸䛥䜜䛶䛔䛯䚹୍᪉䛷䚸ศᏊ
ᶆⓗ⸆䛿⭘⒆⣽⬊䛾ቑṪ䚸ᾐ₶䚸㌿⛣䛻㛵䜟䜛ศᏊ䜢ᶆⓗ䛸䛧䚸⭘⒆⣽⬊䛾ቑṪ䜢
ᢚไ䛩䜛䛸䛸䜒䛻䚸⭘⒆䛾ᾐ₶䜢㜼ᐖ䛩䜛䛣䛸䛻䜘䛳䛶䚸ཎⓎ⭘⒆䛾ᢚไ䛾䜏䛺䜙䛪䚸
⭘⒆䛾㌿⛣䜢䜒ᢚไ䛩䜛䛣䛸䜢┠ⓗ䛻㛤Ⓨ䛥䜜䛯⸆๣䛷䛒䜛䚹⌧ᅾ䚸䝅䜾䝘䝹ఏ㐩㜼
ᐖ䚸⾑⟶᪂⏕㜼ᐖ䚸⾑⟶ෆ⓶ቑṪᅉᏊ䠄VEGF䠅䚸⣽⬊࿘ᮇㄪ⠇䜢䝍䞊䝀䝑䝖䛻䛧䛯᪂
つศᏊᶆⓗ⸆䛾㛤Ⓨ䛜⾜䜟䜜䛶䛔䜛䚹䛧䛛䛧䚸⫵䛜䜣἞⒪䛻⏝䛔䜙䜜䜛䜲䝺䝑䝃䛾㛫
㉁ᛶ⫵⅖䛾䜘䛖䛺⮴Ṛⓗ䛺๪స⏝䛜኱䛝䛺ၥ㢟䛸䛺䛳䛶䛔䜛䚹 
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䝠䝖䛾యෆ䛷䛿ẖ⛊⣙ 100୓ಶ䛾⣽⬊䛜Ṛ䜣䛷䛔䜛䛸ゝ䜟䜜䛶䛔䜛䚹䛣䛾⣽⬊䛾Ṛ
䛿ᜏᖖᛶ䛾⥔ᣢ䜔⎔ቃኚ໬䜈䛾㐺ᛂ䛾⤖ᯝ䛷䛒䜚䚸䛣䜜䛜㉳䛣䜙䛺䛛䛳䛯ሙྜ䛜䜣
䜔⮬ᕫච␿⑌ᝈ䜢ᘬ䛝㉳䛣䛩䚹㏫䛻୙ᚲせ䛺䝍䜲䝭䞁䜾䛷⣽⬊䛜Ṛ䜣䛰ሙྜ䛿䚸⬻ฟ
⾑䚸ᚰ➽᱾ሰ䛺䛹䛾യᐖ䜢ᣍ䛟䚹䛣䛾䜘䛖䛻䚸⣽⬊Ṛ䛿䝠䝖䛜⏕䛝䜛ୖ䛷㔜せ䛺ฟ᮶஦
䛰䛸ゝ䛘䜛䚹㏆ᖺ䚸⣽⬊Ṛ䛾◊✲䛜㐍䜏䜰䝫䝖䞊䝅䝇䠄Apoptosis䠅䜔䝛䜽䝻䞊䝅䝇
䠄Necrosis䠅䚸䜸䞊䝖䞊䝣䜯䝆䞊⣽⬊Ṛ䠄Autophagy䠅䛾௚䛻䚸䝢䝻䝖䞊䝅䝇䠄pyroptosis䠅䚸
䝛䜽䝻䝥䝖䞊䝅䝇䠄necroptosis䠅䚸䜰䝫䝛䜽䝻䞊䝅䝇䠄aponecrosis䠅䚸䝟䝷䝥䝖䞊䝅䝇
䠄paraptosis䠅䚸ศ⿣ᮇ⣽⬊Ṛ䠄mitotic catastrophe䠅䛺䛹䛾ἑᒣ䛾⣽⬊Ṛ䛜ሗ࿌䛥䜜䛶
䛔䜛䠄Fig. 1-2䠅4)䚹䛧䛛䛧䚸⊂⮬䛾✀㢮䛸䜏䛺䛫䜛䜋䛹ゎ᫂䛥䜜䛶䛚䜙䛪䚸⌧ᅾ䛿᭱ึ
䛾 3✀㢮䛻ྵ䜎䜜䛶䛔䜛䚹䜰䝫䝖䞊䝅䝇䛿⤌⧊䛛䜙⣽⬊䛜⬺ⴠ䛧䛶䛔䛟ᵝ䛜䚸ᮌ䛛䜙ⴥ
䛜ⴠ䛱䜛ᵝᏊ䛻ఝ䛶䛔䜛䛣䛸䛛䜙స䜙䜜䛯ゝⴥ䛷䛒䜛䚹䜰䝫䝖䞊䝅䝇䛜㉳䛣䜛䛸⣽⬊⭷
䛾୍㒊䛜ṍ䜏ỈἻ䛾䜘䛖䛺䝤䝺䝤䜢ᙧᡂ䛩䜛䚹᰾䛿₽䜜䛶㧗ᐦᗘ䛾≧ែ䛷䛒䜛᰾⃰
⦰䜢ᘬ䛝㉳䛣䛩䚹䛭䛾ᚋ䚸䜰䝫䝖䞊䝅䝇䛧䛯⣽⬊䛾≉ᚩ䛷䛒䜛 DNA䛾䝚䜽䝺䜸䝋䞊䝮
༢఩䛷䛾᩿∦໬䛜㉳䛝䜛䚹⣽⬊㉁䛷䛿⣽⬊ᑠჾᐁ䜢⣽⬊⭷䛜ྲྀ䜚㎸䜏䜰䝫䝖䞊䝅䝇
ᑠ⬊䛻䛺䜛䚹䜰䝫䝖䞊䝅䝇䛜⤊஢ᚋ䚸࿘ᅖ䛾⣽⬊䜔䝬䜽䝻䝣䜯䞊䝆䛜㈎㣗䛧䚸䛭䛣䛻⣽
⬊䛜䛒䛳䛯ᙧ㊧䛩䜙䛺䛟䛺䜛䚹䜸䞊䝖䝣䜯䝆䞊䛿䚸⣽⬊䛜㣚㣹≧ែ䛻䛺䜚⏕䛝䜛䛯䜑䛾
᭱ప㝈䛾せ⣲௨እ䜢ศゎ䛩䜛䛣䛸䛷䛒䜛䚹䛣䛾⮬㣗䛜㐣๫䛻㉳䛝䚸⣽⬊䛻ᚲ㡲䛾ᡂศ
䜎䛷ศゎ䛩䜛䛸䜸䞊䝖䝣䜯䝆䞊⣽⬊Ṛ䛜ᘬ䛝㉳䛣䛥䜜䜛䛸⪃䛘䜙䜜䛶䛔䜛䚹䛣䛾⣽⬊Ṛ
䛿䜰䝫䝖䞊䝅䝇䛜㜼ᐖ䛥䜜䛯䛸䛝䛻䜒㉳䛝䚸⣽⬊ෆ䛻ᑠ⬊䛜ฟ⌧䛩䜛䛾䛜≉ᚩ䛷䛒䜛䚹
䝛䜽䝻䞊䝅䝇䛿⣽⬊䛜≀⌮ⓗ䚸໬Ꮫⓗ䛻ᦆയ䛧ᘬ䛝㉳䛣䛥䜜䜛䚹䝛䜽䝻䞊䝅䝇䛜㉳䛝䜛
䛸⣽⬊ᑠჾᐁ䛾⭾₶䜔⣽⬊䛾⭾ᙇ䛻䜘䛳䛶᭱⤊ⓗ䛻䛿◚⿣䛩䜛䚹䛣䛾⣽⬊Ṛ䛷䛿䜰
䝫䝖䞊䝅䝇䛷䛒䜛䜘䛖䛺䚸䜽䝻䝬䝏䞁䛾จ㞟䜔䚸⣽⬊⭷䛾䝤䝺䝤໬䛿䛧䛺䛔䚹䝛䜽䝻䞊䝅
䝇䛜㉳䛣䜛䛸䚸ෆ㒊䛾⺮ⓑ㉁䜔㓝⣲䜢እ㒊䛻₃ฟ䛩䜛Ⅽ䚸࿘㎶⤌⧊䛻䛶⅖⑕཯ᛂ䛜
♧䛥䜜䜛 4)䚹䛣䜜䛜ᢠ䛜䜣๣䛾๪స⏝䛾ཎᅉ䛻䛺䛳䛶䛔䜛䚹๪స⏝䛾㍍ῶ䛻䛿䚸䛜䜣
⣽⬊䛻䜰䝫䝖䞊䝅䝇䜢ㄏᑟ䛥䛫䜛䛣䛸䛜㔜せ䛷䛒䜛䚹 
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䝝䜲䝤䝸䝑䝗䝸䝫䝋䞊䝮(Hybrid Liposome : HL)5,6)䛿䚸䝧䝅䜽䝹ศᏊ䛸䝭䝉䝹ศᏊ䛛䜙
ᡂ䜛䝝䜲䝤䝸䝑䝗ᆺ䝸䝫䝋䞊䝮䛷୧ศᏊ䜢⦆⾪ᾮ୰䛻䛚䛔䛶㉸㡢Ἴ↷ᑕ䛩䜛䛣䛸䛷ᐜ
᫆䛻ᚓ䜙䜜䜛 (Fig. 1-3)䚹䜎䛯䚸ㄪ〇᫬䛻᭷ᶵ⁐፹䛾ΰධ䛜୍ษ䛺䛟䚸⣲ᮦཬ䜃⤌ᡂ
䜢ኚ໬䛥䛫䜛䛣䛸䛻䜘䛳䛶⭷┤ᚄ䚸⭷ὶືᛶ䚸┦㌿⛣ ᗘ➼䜢ㄪ⠇䛩䜛䛣䛸䛜䛷䛝䜛 7-
11)䚹 
HL 䛿䚸㓝⣲䛾ᣢ䛴≉␗ⓗゐ፹స⏝䜢ேᕤ⣔䛷෌ᵓ⠏䛧䚸䛭䛾ᶵ⬟䛾Ⓨ⌧ᶵᵓ䛾
ゎ᫂䜢┠ⓗ䛸䛧䛶◊✲䛜ጞ䜑䜙䜜䛯䚹㓝⣲཯ᛂ䛻㛵䜟䜛ㅖᅉᏊ䜢ㄪ⠇䛧䚸ேᕤ㓝⣲䛾
❧య≉␗ⓗゐ፹ᶵ⬟䛾ไᚚ䛜ྍ⬟䛸䛺䛳䛶䛔䜛 12-20)䚹 
HL 䛿⬡⁐ᛶཬ䜃Ỉ⁐ᛶᡂศ䛾୧᪉䜢ྵ᭷䛥䛫䜛䛣䛸䛜䛷䛝䜛䚹䛣䛾≉ᚩ䜢ᛂ⏝䛧䚸
Drug Delivery System(DDS)䛻㛵䛩䜛◊✲䜒⾜䜟䜜䛶䛔䜛䚹HL 䜢 DDS 䜻䝱䝸䜰䞊䛸䛧
䛶⏝䛔 flavonoid 䜔 peplomycin 䛺䛹䜢 HL 䛻ྵ᭷䛥䛫䜛䛣䛸䛻䜘䛳䛶 B 䝸䞁䝟⭘⒆⣽
⬊䛻ᑐ䛩䜛㢧ⴭ䛺ቑṪᢚไຠᯝ䛜ሗ࿌䛥䜜䛶䛔䜛 21, 22)䚹䜎䛯䚸⬡⁐ᛶ䛾䝙䝖䝻䝋䜴䝺
䜰⣔ᢠ䛜䜣๣(Carmustine)䜢ྵ᭷䛥䛫䛯 HL 䛿䚸⬻⭘⒆䝰䝕䝹䝷䝑䝖䛻ᑐ䛧㢧ⴭ䛺ᘏ
࿨ຠᯝ䜢♧䛩䛣䛸䜒᫂䜙䛛䛸䛺䛳䛶䛔䜛 23)䚹 
䛥䜙䛻䚸ᢠ䛜䜣๣䜢ྵ䜎䛺䛔 HL䛻䛚䛔䛶䜒 in vitroཬ䜃 in vivo 䛻䛚䛔䛶㧗䛔ไ䛜
䜣ຠᯝ䛜䛒䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛶䛔䜛䚹䛣䜜䜎䛷䛻䝠䝖⫢⮚䛜䜣⣽⬊䚸䝠䝖⫵䛜䜣⣽⬊䚸
䝠䝖ங䛜䜣⣽⬊䚸䝠䝖๓㦵㧊ᛶⓑ⾑⑓⣽⬊䚸䝠䝖 T 䝸䞁䝟⭘⣽⬊䚸䝠䝖኱⭠䛜䜣⣽⬊䚸䝠䝖
⫹⟶䛜䜣⣽⬊䚸䜶䜲䝈㛵㐃䝸䞁䝟⭘⣽⬊➼ከ䛟䛾䛜䜣⣽⬊䛻ᑐ䛧䛶 in vitro 䛻䛚䛔䛶
ไ䛜䜣ຠᯝ䜢♧䛩䛣䛸䛜᫂䜙䛛䛸䛺䛳䛶䛔䜛 24-36)䚹䜎䛯䚸ື≀䜢⏝䛔䛯యෆືែヨ㦂
䛻䛚䛔䛶ᴟ䜑䛶㧗䛔Ᏻ඲ᛶ䛜☜ㄆ䛥䜜䛶䛔䜛 37)䚹䛥䜙䛻䚸ᢸ䛜䜣䝰䝕䝹䝬䜴䝇䜢⏝䛔
䛯 in vivo 䛻䛚䛡䜛἞⒪ᐇ㦂䛻䛚䛔䛶䜒 HL 䛾㢧ⴭ䛺἞⒪ຠᯝཬ䜃⫢㌿⛣ᢚไຠᯝ
䛜䛒䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛶䛔䜛 32-34, 37-42)䚹䛣䛾䜘䛖䛻HL䛜✀䚻䛾䛜䜣⣽⬊䛻ᑐ䛧䛶䜰
䝫䝖䞊䝅䝇䜢ㄏᑟ䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛶䛚䜚䚸䝠䝖๓㦵㧊ᛶⓑ⾑⑓⣽⬊䛻䛚䛔䛶䛜
䜣⣽⬊䛻ᑐ䛩䜛䜰䝫䝖䞊䝅䝇ㄏᑟ䝯䜹䝙䝈䝮䛜ゎ᫂䛥䜜䚸HL 䛾ไ䛜䜣䝯䜹䝙䝈䝮䛾඲
ᐜ䛜ሗ࿌䛥䜜䛯 27)䚹HL䛻䜘䜛䛜䜣⣽⬊䜈䛾䜰䝫䝖䞊䝅䝇ㄏᑟ䛿䜎䛪䚸HL䛾䛜䜣⣽⬊
⭷䜈䛾≉␗ⓗ䛺⼥ྜ䞉⵳✚䛛䜙ጞ䜎䜛䚹䛭䛾ᚋ䝕䝇䝺䝉䝥䝍䞊(Fas)ཬ䜃䝭䝖䝁䞁䝗䝸䜰
䜈䛾䝅䜾䝘䝹ఏ㐩⤒㊰䜢⤒⏤䛧䚸䜹䝇䝟䞊䝊䜢άᛶ໬䛧 DNA 䛾᩿∦໬䜢ᘬ䛝㉳䛣䛩䚹
䛣䛾ㄏᑟ⤒㊰䜢㏻䜚䚸HL 䛿䛜䜣⣽⬊䛻ᑐ䛧䛶䜰䝫䝖䞊䝅䝇䜢ㄏᑟ䛩䜛䛸ሗ࿌䛥䜜䛶䛔
䜛䚹䛥䜙䛻䚸⣽⬊䛾⣽⬊⭷ὶືᛶ䜒 HL 䛾䜰䝫䝖䞊䝅䝇ㄏᑟ䛻㛵ಀ䛩䜛䛸⪃䛘䜙䜜䛶䛚
䜚䚸䛜䜣⣽⬊⮬య䛾䜒䛴㧗䛔⣽⬊⭷ὶືᛶ䜢㆑ู䛩䜛䛣䛸䛻䜘䜚䚸䛜䜣⣽⬊ᑐ䛧䛶䛾
䜏 HL 䛜≉␗ⓗ䛻⼥ྜ䞉⵳✚䛩䜛䛸⪃䛘䜙䜜䜛䚹䛣䛾䛣䛸䛛䜙䚸⣽⬊⭷ὶືᛶ䛾ప䛔ṇ
ᖖ⣽⬊䛻䛿⼥ྜ䞉⵳✚䛫䛪䛻⣽⬊⭷ὶືᛶ䛾㧗䛔䛜䜣⣽⬊䛻≉␗ⓗ䛻⼥ྜ䞉⵳✚䛧
䜰䝫䝖䞊䝅䝇䜢ㄏᑟ䛩䜛䛣䛸䜒᫂䜙䛛䛸䛺䛳䛶䛔䜛 31, 43)䚹䜎䛯䚸HL䛿䛜䜣⣽⬊䛾ቑṪ䛻
ᙳ㡪䜢୚䛘䛺䛔ప⃰ᗘ䛻䛚䛔䛶䜒▷᫬㛫䛷䛜䜣⣽⬊䛾⣽⬊⭷ὶືᛶ䜢ⴭ䛧䛟ቑ኱䛥
䛫䜛䛣䛸䜒᫂䜙䛛䛸䛺䛳䛶䛚䜚䚸HL 䛾䛜䜣⣽⬊䛻ᑐ䛩䜛䜰䝫䝖䞊䝅䝇ㄏᑟ䛻⣽⬊⭷ὶ
ືᛶ䛜㛵ಀ䛧䛶䛔䜛䛸⪃䛘䜙䜜䜛 35, 43, 44)䚹 
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HL 䛿䚸䛭䛾㢧ⴭ䛺ไ䛜䜣ຠᯝཬ䜃㧗䛔Ᏻ඲ᛶ䛛䜙䚸⏕࿨೔⌮ጤဨ఍ᢎㄆᚋ䛾⮫
ᗋヨ㦂䛻䛚䛔䛶෌Ⓨᝏᛶ䝸䞁䝟⭘䛾ᝈ⪅䛻ᑐ䛩䜛䝟䜲䝻䝖䝇䝍䝕䜱䜢⾜䛳䛯䛸䛣䜝䚸๪
స⏝䛜䛺䛟䚸ᅛᙧ䝸䞁䝟⭘䛾⦰ᑠཬ䜃㢧ⴭ䛺ᘏ࿨ຠᯝ䛜ᚓ䜙䜜䚸㧗䛔Ᏻ඲ᛶ䜒᫂䜙䛛
䛸䛺䛳䛯 45, 46)䚹䜎䛯䚸⫢⮚䛜䜣ᝈ⪅䛻ᑐ䛩䜛䝟䜲䝻䝑䝖䝇䝍䝕䜱䛻䛚䛔䛶䜒䚸⫢⮚䛜䜣䛾
⭘⒆䝬䞊䜹䞊(PIVKA-ϩ)䛜ῶᑡ䛧䚸㢧ⴭ䛺἞⒪ຠᯝ䜢♧䛧䛶䛔䜛 47)䚹 
 
Fig. 1-3 ⢾⣔⏺㠃άᛶ๣ྵ᭷䝝䜲䝤䝸䝑䝗䝸䝫䝋䞊䝮䛾ㄪ〇ἲ 
 
୍᪉䚸䝇䜽䝻䞊䝇䝭䝉䝹䛺䛹✀䚻䛾⢾⣔⏺㠃άᛶ๣䜢ྵ᭷䛥䛫䛯 HL䛿 in vitro䛻䛚
䛔䛶⫵䛜䜣䚸⬻⭘⒆䛚䜘䜃⫢⮚䛜䜣⣽⬊䛻ᑐ䛧㧗䛔ไ䛜䜣ຠᯝ䛜☜ㄆ䛥䜜䛶䛔䜛 48-
51)䠄Fig1-3䠅䚹䛣䛾ไ䛜䜣ຠᯝ䛿䛜䜣⣽⬊䛾⭷⾲㠃䛻⢾ྵ᭷ HL 䛜⢾ᡂศ䜢ຠ⋡ⓗ䛻
㐠䜆䛣䛸䛷䚸䛜䜣⣽⬊⭷⾲㠃䛻䛒䜛ⷧ䛟ᵓ㐀໬䛧䛯Ỉ䛜⢾䛾Ỉ㓟ᇶ䛻䜘䛳䛶䜘䜚ᵓ㐀
໬䛧䛯䛣䛸䛻䜘䜚ᘬ䛝㉳䛣䛥䜜䜛䛣䛸䛜♧၀䛥䜜䛯䚹䛣䛾䛣䛸䛛䜙䚸⢾䛾୰䛷䜒㧗䛔Ỉ࿴
⬟ຊ䜢ᣢ䛴䝖䝺䝝䝻䞊䝇(Trehalose)䜢⏝䛔䜛䛣䛸䛷᭦䛺䜛ไ䛜䜣ຠᯝ䛾ྥୖ䜢ᮇᚅ䛧
䛶䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛜๰〇䛥䜜䛯䚹 
 
Fig. 1-4 䝖䝺䝝䝻䞊䝇 
 
䝖䝺䝝䝻䞊䝇䠄Fig1-4䠅䛿䜾䝹䝁䞊䝇䛜⤖ྜ䛧䛯஧⢾䛷䛒䜛䚹1832 ᖺ䛻䜴䜱䜺䞊䝈䛻䜘
䛳䛶䝷䜲㯏䛾㯏ゅ䛛䜙Ⓨぢ䛥䜜䚸1859 ᖺ䛻䝌䜴䝮䝅䛾స䜛䝖䝺䝝䝷䝬䞁䝘䛛䜙ศ㞳䛥䜜
䝖䝺䝝䝻䞊䝇䛸࿨ྡ䛥䜜䛯 52,53)䚹⮬↛⏺䛻ከ䛟Ꮡᅾ䛧䚸䜻䝜䝁㢮䚸㓝ẕ➼䛺䛹䛾⳦㢮䜔
Vesicle
DMPC
Micelle
Sugar 
surfactant
Micelle
PEG
+ +
Sonication
Hybrid Liposome 
including Sugar surfactant
(SHL)
OH
O
OHHO
O
OOH
HO
HO
OHOH
6 
 
ᚤ⏕≀୰䛻☜ㄆ䛥䜜䛶䛔䜛䚹䝖䝺䝝䝻䞊䝇䛿䚸⬺Ỉ䞉෾⤖䛺䛹䛾䝇䝖䝺䝇᮲௳ୗ䛷⣽⬊
⭷䜢Ᏻᐃ໬䛥䛫⣽⬊䜈䛾䝎䝯䞊䝆䜢ᢚไ䛩䜛஦䛛䜙䚸ᵝ䚻䛺ሙ㠃䛷ಖᏑ๣䛸䛧䛶౑⏝
䛥䜜䛶䛔䜛 54-60)䚹䜎䛯䚸䝖䝺䝝䝻䞊䝇䛜䝦䜻䝋䞊䝇ྲྀ䜚㎸䜏䜢㜼ᐖ䛩䜛䛣䛸䛻䜘䛳䛶⫢⣽
⬊䛾䜸䞊䝖䝣䜯䝆䞊䜢ㄏᑟ䛧䚸in vivo 䛻䛚䛡䜛㠀䜰䝹䝁䞊䝹ᛶ⫢⑌ᝈ䠄NAFLD䠅䛾἞
⒪ຠᯝ䜢♧䛩䛣䛸䛜ሗ࿌䛥䜜䛶䛔䜛 61)䚹 
䝖䝺䝝䝻䞊䝇䛿⤖᰾⳦䛾⣽⬊ቨ䛻⢾⬡㉁䛸䛧䛶Ꮡᅾ䛧䛶䛔䜛஦䜒☜ㄆ䛥䜜䛶䛚䜚䚸
ᵝ䚻䛺ච␿཯ᛂ䛻㛵୚䛧䛶䛔䜛஦䛜᫂䜙䛛䛸䛺䛳䛶䛔䜛 62-65)䚹⤖᰾⳦⣽⬊ቨ䛻Ꮡᅾ
䛩䜛䝖䝺䝝䝻䞊䝇-6, 6䇻-䝆䝬䜲䝁䝺䞊䝖䛿䚸in vitro ཬ䜃 in vivo 䛻᪊䛔䛶ᢠ⭘⒆ຠᯝ䜢
♧䛩஦䛜᫂䜙䛛䛸䛺䛳䛶䛔䜛 66-68)䚹 
䝖䝺䝝䝻䞊䝇䛻䜰䝅䝹㙐䜢௜୚䛧䛯䝖䝺䝝䝻䞊䝇䝭䝉䝹䠄TreC14䠅䛸䝸䞁⬡㉁䛛䜙ᵓᡂ䛥
䜜䜛䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄 DMTreC14 : Fig.1-5䠅䛿䚸⫶䛜䜣䚸⫢⮚䛜䜣䚸኱⭠䛜䜣⣽
⬊䛻ᑐ䛧䛶㢧ⴭ䛺ไ䛜䜣ຠᯝ䜢♧䛧䚸ṇᖖ⫵⣽⬊䛻ᑐ䛧䛶䛿ᙳ㡪䜢୚䛘䛺䛔䛣䛸䛜ሗ
࿌䛥䜜䛶䛔䜛 69, 70)䚹DMTre 䛾ᅛᐃỈᒙ䛿䚸TreC14 ⃰ᗘ౫Ꮡⓗ䛻ቑ኱䛩䜛䛣䛸䛜᫂䜙
䛛䛸䛺䛳䛶䛚䜚䚸DMTre 䛾䛜䜣⣽⬊ቑṪᢚไຠᯝ䛻䝖䝺䝝䝻䞊䝇䛾Ỉ࿴䛜㛵୚䛧䛶䛔
䜛䛸⪃䛘䜙䜜䛶䛔䜛 69)䚹 
 
Fig. 1-5 䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ㄪ〇ἲ 
 
ᮏ◊✲䛷䛿䚸䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾䛜䜣἞⒪⸆䜈䛾ᛂ⏝䜢┠ᣦ䛧䛶 in vitro 䛷䛿
ไ䛜䜣䝯䜹䝙䝈䝮䛸㌿⛣ᢚไຠᯝ䛻䛴䛔䛶᳨ウ䛧䛯䚹䜎䛯䚸in vivo 䛻䛚䛡䜛἞⒪ຠᯝ
䛚䜘䜃Ᏻ඲ᛶ䛻䛴䛔䛶᳨ウ䜢⾜䛳䛯䚹ᮏㄽᩥ䛿䚸௨ୗ 6❶䛛䜙ᡂ䜚❧䛳䛶䛔䜛䚹➨ 2
❶䛷䛿䚸䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⭷≀ᛶ䛻䛴䛔䛶㏙䜉䜛䚹➨ 3❶䛷䛿䚸䝖䝺䝝䝻䞊䝇䝸
䝫䝋䞊䝮䛾ⓑ⾑⑓䛻ᑐ䛩䜛 in vitro 䛚䜘䜃 in vivo 䛷䛾἞⒪ຠᯝ䛻䛴䛔䛶㏙䜉䜛䚹➨
4❶䛷䛿䚸䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⫵䛜䜣䛻ᑐ䛩䜛 in vitro 䛚䜘䜃 in vivo 䛷䛾἞⒪
ຠᯝ䛻䛴䛔䛶㏙䜉䜛䚹➨ 5❶䛿䚸䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ங䛜䜣἞⒪ᑐ䛩䜛 in vitro 
䛚䜘䜃 in vivo 䛷䛾ไ䛜䜣ຠᯝ䛻䛴䛔䛶㏙䜉䜛䚹➨ 6❶䛿䚸䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾
Ᏻ඲ᛶ䛻䛴䛔䛶㏙䜉䜛䚹➨ 7❶䛷䛿௨ୖ䛾◊✲⤖ᯝ䛾⥲ㄽ䛷䛒䜛䚹 
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➨ 2❶  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⭷≀ᛶ 
 
2-1.  ᗎ 
⣽⬊⭷䛿⣽⬊䛸እ⏺䜢㝸䛶䜛⏕య⭷䛷䛒䜛䚹⣽⬊⭷䛾ᙺ๭䛿䚸እ⏺䛸䛾ቃ⏺䛸䛧䛶
ෆ㒊≀㉁䛾ὶฟ䜢㜵䛠䜋䛛䚸㓝⣲䛻䜘䜛≀㉁௦ㅰ䚸ཷᐜయ䛻䜘䜛᝟ሗ䛾ឤཷ䚸㍺㏦
య䛻䜘䜛㑅ᢥⓗ㏱㐣ᛶ䚸⬟ື㍺㏦䛚䜘䜃ಁ㐍ᣑᩓ䚸ච␿≉ᛶ䛾Ⓨ⌧䛺䛹䛜䛒䜛䚹 
⏕య⭷䛾Ṕྐ䛿䚸1838 ᖺ䛻Ⓨ⾲䛥䜜䛯䝅䝳䝷䜲䝕䞁䠄Schleiden䠅䛻䜘䜛᳜≀䛻䛚䛡䜛
ㄝ䛸 1839 ᖺ䛻䝅䝳䝽䞁䠄Schwann䠅䛜୺䛻ື≀⣽⬊䛻ᑐ䛧䛶ᥦၐ䛧䛯ㄝ䛛䜙ᡂ䜛⣽⬊
ㄝ䛜☜❧䛥䜜䛯䛣䛸䛛䜙ጞ䜎䜛䚹⣽⬊ㄝ䛻䜘䜚䛂⣽⬊䛿䛩䜉䛶䛾⏕≀䛾ᵓ㐀䛚䜘䜃ᶵ
⬟䛾༢఩䛃䛸♧䛥䜜䛯䛣䛸䛛䜙䚸⣽⬊䛸⣽⬊䜢㝸䛶䛶䛔䜛㞀ቨ䛻ὀ┠䛜㞟䜎䛳䛯䚹1895
ᖺ Overton 䛿䛂⬡⁐ᛶ≀㉁䜋䛹Ⰻ䛟⣽⬊ෆ䛻ྲྀ䜚㎸䜎䜜䜔䛩䛔䛣䛸䛛䜙䚸㝸ቨ䜢ᙧᡂ
䛩䜛⭷䛿኱㒊ศ⬡㉁䛷䛒䜛䛣䛸䛜᥎ᐹ䛥䜜䜛䛃䚸1925 ᖺ Gorter 䛸 Grendel 䛜䛂㉥⾑⌫
䛛䜙ᢳฟ䛧䛯⬡㉁䜢༢ศᏊ⭷䛻䛧䛯㝿䚸㠃✚䛿䚸㉥⾑⌫⾲㠃✚䛾⣙஧ಸ䛻䛺䜛䛣䛸䛛
䜙䚸㉥⾑⌫⭷䛾⬡㉁䛿஧㔜ศᏊᒙཪ䛿஧ศᏊ⭷ᵓ㐀䛷䛒䜛䛃䛸ᥦၐ䛧䛯䚹䛣䛾䠎䛴䛾
ᐇ㦂⤖ᯝ䛛䜙䚸1935 ᖺ Danielli 䛸 Davson 䛿䛂⏕య⭷䛿䝸䞁⬡㉁஧㔜ᒙ䛜䝍䞁䝟䜽㉁
䛷そ䜟䜜䛯 3 㔜ᵓ㐀䜢䛧䛶䛔䜛䛃䛸䛔䛖⏕య⭷䛾ᇶᮏᵓ㐀䝰䝕䝹䛜ึ䜑䛶ᥦၐ䛥䜜䛯䚹
䛭䛾ᚋ䚸1972 ᖺ䛻䝅䞁䜺䞊䠄Singer䠅䛸䝙䝁䝹䝋䞁䠄Nicholson䠅䛜䛂⏕య⭷䛿⬡㉁஧㔜
ᒙ䛾୰䛻䝍䞁䝟䜽㉁䛜䝰䝄䜲䜽≧䛻ධ䜚ΰ䛨䛳䛶䛚䜚䚸䝍䞁䝟䜽㉁䛿䛭䛾୰䜢ᾋ㐟䛧䛶
ᣑᩓ䛻䜘䛳䛶⛣ື䛧䛶䛔䜛䛃䛸䛔䛖ὶື䝰䝄䜲䜽䝰䝕䝹 71)䜢ᥦၐ䛧䚸௒᪥䜎䛷ᖜᗈ䛟ཷ
䛡ධ䜜䜙䜜䛶䛔䜛 72,73)䚹ὶືᛶ䝰䝄䜲䜽䝰䝕䝹䛸䛿⬡㉁䛻䜘䛳䛶ᙧᡂ䛥䜜䛯஧ศᏊ⭷
୰䛻䝍䞁䝟䜽㉁䛜ᇙ䜎䛳䛶䛔䜛䛸䛔䛖䜒䛾䛷䛒䜛䚹Ỉ୰䛾⬡㉁䛸⬡㉁䚸⬡㉁䛸䝍䞁䝟䜽㉁䚸
䝍䞁䝟䜽㉁䛸䝍䞁䝟䜽㉁㛫䛻䛚䛔䛶䛭䜜䛮䜜┦஫స⏝䛻䜘䛳䛶ධ䜚ΰ䛨䜚(䝰䝄䜲䜽ᛶ)䚸
⭷୰䜢⮬⏤䛻ື䛝ᅇ䜜䜛(ὶືᛶ)䛸䛔䛖⪃䛘᪉䛷䛒䜛 73)䚹ᙜึ䛾ὶື䝰䝄䜲䜽䝰䝕䝹
䛻䛚䛔䛶䚸⬡㉁ศᏊ䛿ᇶ┙ᖹ㠃ୖ䛻୍ᵝ䛻ศᕸ䛧䛶䛔䜛䜘䛖䛺ᥥ䛝᪉䜢䛥䜜䛶䛔䛯䚹
䛧䛛䛧䚸1990 ᖺึ㢌䛛䜙⬡㉁䝷䝣䝖䛸䛔䛖ᴫᛕ䛜Ⓩሙ䛧䚸⏕య⭷䛻䛚䛔䛶≉ᐃ䛾✀㢮
䛾⬡㉁ศᏊ䛜௚䛾ศᏊ䛻ẚ䜉䛶䛚஫䛔䛻ᐤ䜚ῧ䛳䛶䛔䜛☜⋡䛜㧗䛔䛸䛔䛖䜘䛖䛻䚸ྠ
୍⭷ୖ䛷䛒䜚䛺䛜䜙䜒⬡㉁ศᏊ䛾ศᕸ䛻䛿೫䜚䛜䛒䜛䛸䛔䛖ᵝ䛻ぢ┤䛥䜜䛯䚹⣽⬊⭷
ୖ䛻䛚䛔䛶⢾⬡㉁䜔䝁䝺䝇䝔䝻䞊䝹䚸䝍䞁䝟䜽㉁䛛䜙ᙧᡂ䛥䜜䜛䝭䜽䝻䝗䝯䜲䞁䛜Ꮡᅾ䛩
䜛䛣䛸䛜᫂䜙䛛䛻䛺䛳䛶䛚䜚䚸䛣䛾ᶵ⬟䝗䝯䜲䞁䜢⬡㉁䝷䝣䝖䛸䛔䛖 74,75)䚹 
Liposome 䠄䝸䝫䝋䞊䝮䠅䛿⬡㉁䠄lipo䠅䛸⣽⬊య䠄some䠅䛛䜙ྜᡂ䛥䜜䛶䛷䛝䛯ゝⴥ䛷
䛒䜛䚹1964 ᖺ䛻 Bangham 䜙䛻䜘䛳䛶䝺䝅䝏䞁䜢Ỉ⁐ᾮ୰䛷ᠱ⃮䛩䜛䛣䛸䛷㛢㙐ᑠ⬊
య(Vesicle)䜢ᙧᡂ䛩䜛䛣䛸䛜㟁Ꮚ㢧ᚤ㙾ほᐹ䛻䜘䛳䛶᫂䜙䛛䛸䛺䜚䚸⏕య⭷䛾⇕ຊᏛ
ⓗᏳᐃᛶ䜢䜒䛯䜙䛩≀㉁䛸䛺䜛䛣䛸䜢Ⓨぢ䛧䛯 76, 77)䚹䜎䛯䛣䛾㛢㙐ᑠ⬊య䝧䝅䜽䝹䛿䚸
ྛ✀䜲䜸䞁䜢ෆໟ䛩䜛䛣䛸䛜䛷䛝䚸䛭䜜䜙䛾⭷㏱㐣ᣲື䛜⏕య⭷䛸㢮ఝ䛧䛶䛔䜛䛣䛸䛛
䜙䚸䝸䝫䝋䞊䝮䛸ྡ௜䛡䜙䜜䛯䚹୍᪉䚸⏕య⭷䛾୺䛺ᵓᡂᡂศ䛜⬡㉁䛸䝍䞁䝟䜽㉁䛷䛒
䜛䛣䛸䜒᪂䛯䛻ሗ࿌䛥䜜䛯䚹䝸䝫䝋䞊䝮䛾Ⓨぢ௨᮶ᵝ䚻䛺◊✲䛜⾜䜟䜜䚸ྜᡂ⬡㉁➼
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䛾ኳ↛䛾⬡㉁䛷䜒䝸䝫䝋䞊䝮ᙧᡂ䛜㉳䛣䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹䛣䛾䝸䝫䝋䞊䝮䛿䛭䛾
≉ᛶ䛛䜙䝗䝷䝑䜾䝕䝸䝞䝸䞊䝅䝇䝔䝮䠄DDS : Drug Delivery System䠅䛾◊✲䛻䜻䝱䝸䜰䞊
䛸䛧䛶䜘䛟⏝䛔䜙䜜䛶䛔䜛䚹䝸䝫䝋䞊䝮䜢≉ᛶ䛸䛧䛶௨ୗ䛾ᵝ䛺䜒䛾䛜ᣲ䛢䜙䜜䜛䚹(1) 
⭷≀ᛶ䛜ㄪ⠇䛷䛝䜛䚹(2) ⾲㠃ಟ㣭䛜ᐜ᫆䛷䝍䞊䝀䝔䜱䞁䜾ᛶ䛾௜ຍ䛜ྍ⬟䚹(3) ẘ
ᛶ䛜ప䛟䚸ᢠཎᛶ䛜ప䛔䚹(4) ⏕యෆ䛷௦ㅰ䛥䜜䜛䚹(5) ⬡⁐ᛶ䚸Ỉ⁐ᛶ䚸୧ぶ፹ᛶ
ศᏊ䛺䛹ᖜᗈ䛔ศᏊ䜢ಖᣢฟ᮶䜛䚹(7) 䝸䝫䝋䞊䝮஝⇱〇๣䛾ㄪ〇䛜ᐜ᫆䛷䛒䜛䚹(8) 
኱㔞⏕⏘䜔つ᱁໬䛜ᐜ᫆䛷䛒䜛 78)䚹䜎䛯䚸㛗᫬㛫⾑୰䛻⁫␃䛷䛝䜛䝸䝫䝋䞊䝮 62)䛜㛤
Ⓨ䛥䜜䚸⫢⮚䛾⣽⥙ෆ⓶⣔(Reticuloendothelial system : RES)䜢ᅇ㑊䛩䜛䝸䝫䝋䞊䝮䜒
㛤Ⓨ䛥䜜䛯 79,80)䚹⌧ᅾ䛷䛿䜰䞁䝖䝷䝃䜲䜽䝸䞁⣔ᢠ䛜䜣๣䜢 RESᅇ㑊ྍ⬟䛺䝸䝫䝋䞊䝮
䛻ᑒධ䛧䛯䝸䝫䝋䞊䝮〇๣䛜ᕷ㈍䛥䜜䛶䛔䜛 81)䚹䛣䛾䜘䛖䛺 RESᅇ㑊ྍ⬟䛺䝸䝫䝋䞊䝮
䛿䚸㛗ᮇ⾑ᾮ⁫␃ᛶ䛜ᚓ䜙䜜䜛䛰䛡䛷䛺䛟䚸⾑ᾮ㏱㐣ᛶ䛾㧗䛔䛜䜣⤌⧊䛻ཷືⓗ䛻
㞟✚䛩䜛 Enhanced Permeability and Retention(EPR)ຠᯝ䜒ᮇᚅ䛩䜛஦䛜ฟ᮶䜛 82)䚹 
䛣䜜䜎䛷䛻ᯇᮏ䜙䛿䚸䝸䝫䝋䞊䝮䛻⢾⣔⏺㠃άᛶ๣䛷䛒䜛䝇䜽䝻䞊䝇䝭䝉䝹䚸䜾䝹䝁䞊
䝇䝭䝉䝹䚸䝬䝹䝖䞊䝇䝭䝉䝹䛺䛹䛾⢾䜢⤌䜏㎸䜣䛰⢾ྵ᭷䝝䜲䝤䝸䝑䝗䝸䝫䝋䞊䝮䜢๰〇
䛧䛶䛔䜛 83-86)䚹䛥䜙䛻䚸⢾ྵ᭷䝝䜲䝤䝸䝑䝗䝸䝫䝋䞊䝮䛾⬻⭘⒆⣽⬊䚸⫵䛜䜣⣽⬊䚸⫢⮚
䛜䜣⣽⬊䛻ᑐ䛩䜛㢧ⴭ䛺ቑṪᢚไຠᯝ䜢ሗ࿌䛧䛶䛔䜛 83-86)䚹 
ᮏ❶䛷䛿䚸䝸䞁⬡㉁(DMPC)䛸䝖䝺䝝䝻䞊䝇⏺㠃άᛶ๣(TreC14)䛛䜙ᡂ䜛䝖䝺䝝䝻䞊䝇
䝸䝫䝋䞊䝮䛾⭷≀ᛶ䜢ືⓗගᩓ஘ἲ䛚䜘䜃㏱㐣ᆺ㟁Ꮚ㢧ᚤ㙾ほᐹ䛻䜘䜚᳨ウ䛧䛯䚹 
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2-2.  ᐇ㦂 
 
2-2-1.  ヨᩱ 
 
䛆䝸䞁⬡㉁䛇 
཮ᛶ䝸䞁⬡㉁䛷䛒䜛 L-α-Dimyristoylphosphatidylcholine 䠄DMPC : M.W. = 677.9 , ┦
㌿⛣ ᗘ : 23.9䉝䠅䛿䚸ᕷ㈍ရ䠄Nippon Oil and Fast Co., Ltd., purity > 99%䠅䜢䛭䛾䜎
䜎౑⏝䛧䛯䚹௨ୗ䛻ᵓ㐀ᘧ䜢♧䛩䚹 
 
 
Fig 2-2-1. Chemical structure of L-α-Dimyristoylphosphatidylcholine䠄DMPC䠅. 
 
 
䛆⢾⣔⏺㠃άᛶ๣䛇 
䃐-D-Glucopyranosyl-α-D- glucopyranoside monomyristate 䠄TreC14 : M.W. = 552.65䠅
䛿䚸ᕷ㈍ရ䠄DOJINDO䠅䜢䛭䛾䜎䜎౑⏝䛧䛯䚹௨ୗ䛻ᵓ㐀ᘧ䜢♧䛩䚹 
 
 
Fig 2-2-2. Chemical structure of䃐-D-Glucopyranosyl-α-D- glucopyranoside 
monomyristate 䠄TrehaloseC14 : TreC14䠅. 
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2-2-2.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ㄪ〇 
 
཮ᛶ䝸䞁⬡㉁䛾 DMPCཬ䜃䚸䝖䝺䝝䝻䞊䝇⏺㠃άᛶ๣䛾 TreC14䜢⛗㔞䛧䚸䝘䝇ᆺ
䝣䝷䝇䝁䛻ධ䜜䛯ᚋ䚸5%䝤䝗䜴⢾⁐ᾮ୰䛷䝞䝇ᆺ㉸㡢Ἴ↷ᑕჾ(WT-200-M, 200 W, 
28/45 kHz, 45 䉝)䜢⏝䛔䛶㉸㡢Ἴ↷ᑕ䠄45 䉝, 1 ml/ ml䠅䜢⾜䛳䛯䚹ᚓ䜙䜜䛯ᆒ୍䛺
⁐ᾮ䜢Ꮝᚄ 0.45 μm䝣䜱䝹䝍䞊䛷ℐ㐣⁛⳦䛧䛯䜒䛾䜢ヨᩱ⁐ᾮ䛸䛧䛶⏝䛔䛯䚹ヨᩱ䛿
37䉝䛷ಖᏑ䛧䛯䚹 
 
Fig. 2-2-3 Schematic representation of Trehalose liposome (DMTreC14). 
 
2-2-3.  ືⓗගᩓ஘ἲ䜢⏝䛔䛯⭷┤ᚄ䛾 ᐃ 
 
⁐ᾮ୰䛻ศᩓ䛧䛯⢏Ꮚ䛿䝤䝷䜴䞁㐠ື䜢䛧䛶䛚䜚䚸䛭䛾㐠ື䛿⢏Ꮚ䛾኱䛝䛥䜘䜚ኚ໬
䛩䜛䚹⁐ᾮ୰䛾⢏Ꮚ䛻䝺䞊䝄䞊䜢↷ᑕ䛩䜛䛸䚸⢏Ꮚ䛛䜙䛾ᩓ஘ග䛿䛭䜜䛮䜜䛾䝤䝷䜴
䞁㐠ື䛻ᛂ䛨䛯ᦂ䜙䛞䜢ほ 䛷䛝䜛䠄Fig. 2-2-4䠅䚹 
ືⓗගᩓ஘ἲ䠄Dynamic light scattering䠅1)䛷䛿䚸䝤䝷䜴䞁㐠ື䛻䜘䜚⤯䛘䛪⛣ື䛧䛶
䛔䜛⢏Ꮚ䛻䝺䞊䝄䞊䜢↷ᑕ䛧䚸䛭䛾⢏Ꮚ䛾ᩓ஘ග䛾ᦂ䜙䛞䜢ほᐹ䛩䜛䚹ᩓ஘ග䛾ᖸ
΅䛻䜘䜛ᙉᗘศᕸ䛿⢏Ꮚ䛾䝤䝷䜴䞁㐠ື䛻䜘䜚䚸⤯䛘䛪ᦂ䜙䛔䛷䛔䜛䚹䛣䛾䛯䜑䚸䝢䞁
䝩䞊䝹➼䛾ගᏛ⣔䜢⏝䛔䜛䛸䚸䝤䝷䜴䞁㐠ື䛾ᵝᏊ䜢ᩓ஘ගᙉᗘ䛾ᦂ䜙䛞䛸䛧䛶 ᐃ
䛩䜛䛣䛸䛜䛷䛝䜛䚹䛣䛾ᦂ䜙䛞䛛䜙⮬ᕫ┦㛵㛵ᩘ䜢ồ䜑䚸䜻䝳䝮䝷䞁䝖ἲゎᯒ䜢⏝䛔䜛䛣
䛸䛷䚸䝤䝷䜴䞁㐠ື㏿ᗘ䜢♧䛩ᣑᩓィᩘ䚸䛥䜙䛻⢏Ꮚᚄ䜔⢏Ꮚᚄศᕸ䛜᫂䜙䛛䛸䛺䜛䚹 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⭷┤ᚄ䠄Hydrodynamic diameter : d hy䠅䛿䚸⢏ᚄศᕸ ᐃ⿦
⨨䠄ELS-Z, Otsuka electronics䠅䜢౑⏝䛧ືⓗගᩓ஘ἲ䜢⏝䛔䛶 ᐃ䜢⾜䛳䛯䚹ග※䛻
He-Ne䝺䞊䝄䞊䠄632.8 nm䠅䛾Ⓨ᣺⥺䜢ฟຊ 35 mW䛷౑⏝䛧ᩓ஘ゅ 90㼻䛷 ᐃ䛧
䛯䚹ᚓ䜙䜜䛯ᣑᩓಀᩘ(D)䜢䠄1䠅ᘧ䠄Stokes - einstein䛾ᘧ䠅䛻௦ධ䛧⭷┤ᚄ䜢ồ䜑䛯䚹
䃙䛿 Boltzmannᐃᩘ䚸T䛿⤯ᑐ ᗘ䚸䃖䛿⁐ᾮ䛾⢓ᗘ䛷䛒䜛䚸䜎䛯䚸ヨᩱ䛿 37 䉝䛷
ಖᏑ䞉 ᐃ䛧䛯䚹 
d hy = 
ச୘
ଷ஠஗ୈ   䠄1䠅 
Vesicle
DMPC
+
Sonication
45Υ, 1min/ml
Micelle
TreC14
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Fig. 2-2-4  Dynamic Light Scattering. 
 
2-2-4.  䝛䜺䝔䜱䝤ᰁⰍ䜢⏝䛔䛯㏱㐣ᆺ㟁Ꮚ㢧ᚤ㙾䛻䜘䜛䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ほ
ᐹ 
 
䝛䜺䝔䜱䝤ᰁⰍ䛧䛯䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾㟁Ꮚ㢧ᚤ㙾ほᐹ䛿䚸䠄ᰴ䠅ⰼᕷ㟁Ꮚ㢧
ᚤ㙾ᢏ⾡◊✲ᡤ䛻ጤク䛧䛯䚹䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄[DMPC]=1.0㽢10-3 M, [TreC14] 
= 2.33㽢10-3 M䠅䜢⵨␃Ỉ䛷 5ಸᕼ㔘䛧䛯䜒䛾䜢䜹䞊䝪䞁ᨭᣢ⭷䠄400 Cu䜾䝸䝑䝗䠅䛻
䝬䜴䞁䝖ᚋ䚸ᰁⰍ๣䛷䛒䜛 2% 䝸䞁䝍䞁䜾䝇䝔䞁㓟Ỉ⁐ᾮ䠄pH. 4䠅䛷 5ศ㛫ᰁⰍ䛧䛯䜒
䛾䜢㏱㐣ᆺ㟁Ꮚ㢧ᚤ㙾䠄JEM1200EX at 8KV, JEOL䠅䜢⏝䛔䛶ಸ⋡ 5୓ಸ䛷ほᐹ䛧
䛯䚹 
  
䝢䞁䝩䞊䝹
ග㟁Ꮚಸቑ⟶
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2-3.  ⤖ᯝ䛸⪃ᐹ 
 
2-3-1.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⭷┤ᚄ 
ືⓗගᩓ஘ἲ䜢⏝䛔䛶 DMTreC14䛾⭷┤ᚄ䛾⤒᫬ኚ໬䜢 ᐃ䛧䛯䚹⤖ᯝ䜢 Fig. 2-
3-1ཬ䜃 Table 2-3-1䛻♧䛩䚹DMPC䛚䜘䜃 DMTreC14 10 mol%, 50 mol%䛿 100nm
䡚250 nm䛾⭷┤ᚄ䛷⣙୍䞄᭶௨ୖᏳᐃ䛧䛯䚹䜎䛯䚸DMTreC14 30 mol%䛿ㄪ〇┤ᚋ
䛛䜙୙Ᏻᐃ䛷䛒䛳䛯䚹୍᪉䚸DMTreC14 70 mol%䛾⭷┤ᚄ䛿⣽⥙ෆ⓶⣔䠄RES䠅䜢ᅇ
㑊ྍ⬟䛺 100 nm௨ୗ䛷⣙୍䞄᭶௨ୖᏳᐃ䛧䛯䚹 
௨ୖ䛾⤖ᯝ䛛䜙䚸DMTreC14 70 mol%䛿䚸⭷┤ᚄ䛜 100 nm௨ୗ䛷䛒䜚䚸㟼⬦ᢞ୚
䛾㝿 RES䛛䜙䛾ᤕᤊ䜢ᅇ㑊䛩䜛䛣䛸䛜䛷䛝䜛Ⅽ䚸⮫ᗋᛂ⏝䛾᭷⏝ᛶ䛜㧗䛔䛸⪃䛘䜙䜜
䜛䚹 
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Fig. 2-3-1  Time course of diameter (d hy) change for DMTre and DMPC in 5% 
glucose solution. 
 
[DMPC] = 1.0×10-3 M,   [TreC14] = 0.1~2.33×10-3 M. 
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Table 2-3-1  Time course of diameter (d hy) change for DMTreC14 and DMPC in 
5% glucose solution. 
 
Time (day) Sample 0 1 2 3 4 5 
dhy(nm) 
DMPC 174.1±11.2 179.1±17.4 146.3±8.8 152.1±13.2 144.9±15.6 183.7±15.1 
DMTreC14 
10 mol% 157.4±4.2 161.3 130.3 137.2±3.8 139.9±3.9 139.0±4.4 
30 mol% 192.5±52.2 194.6 80.7 152.9±58.7 240.8±26.6 319.1±46.2 
50 mol% 123.8±5.2 157.1 173.8 179.4±2.8 180.8±0.9 183.5±0.1 
70 mol% 90.1±1.6 86.1±3.1 85.4±3.8 89.1±3.2 86.6±1.6 85.6±1.6 
 
Time (day) Sample 6 7 14 21 28 35 
dhy(nm) 
DMPC 187.9±10.3 171.2±13.0 159.5±13.5 151.4±12.5 156.4±16.2 158.2±17.0 
DMTreC14 
10 mol% 140.7±1.8 132.1±3.0 121.7±9.7 127.4±6.3 128.5±1.9 132.7±3.2 
30 mol% 247.3±25.7 211.7±66.7 318.6±236.8 161.6±57.2 197.1±85.4 217.3±61.1 
50 mol% 187.6±4.1 194.0±3.7 207.7±11.2 225±7.6 235.0±1.4 248.8±8.2 
70 mol% 86.7±2.5 84.2±5.0 84.8±6.1 90.1±3.3 98.6±6.5 94.3±5.6 
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2-3-2.  䝛䜺䝔䜱䝤ᰁⰍ䜢⏝䛔䛯㏱㐣ᆺ㟁Ꮚ㢧ᚤ㙾䛻䜘䜛䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮
䛾ほᐹ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䜢䝛䜺䝔䜱䝤ᰁⰍ䛧㏱㐣ᆺ㟁Ꮚ㢧ᚤ㙾䜢⏝䛔䛶ほᐹ䛧䛯䚹㢧
ᚤ㙾෗┿䜢 Fig. 2-3-2䛻♧䛩䚹෗┿䛛䜙᫂䜙䛛䛺䜘䛖䛻䚸䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛿ᆒ୍
䛺஧ศᏊ⭷ᵓ㐀䜢᭷䛩䜛⌫ᙧ䛷䛒䜛䛣䛸䛜♧䛥䜜䛯䚹䜎䛯䚸䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛿䚸
ືⓗගᩓ஘ἲ䛻䜘䜛 ᐃ⤖ᯝ䛸୍⮴䛩䜛 100 nm௨ୗ䛾⭷┤ᚄ䛷䛒䜛䛣䛸䛜᫂䜙䛛䛸
䛺䛳䛯䚹 
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Fig. 2-3-2  An electron micrograph of DMTreC14 70 mol%. 
Scale bar : 100 nm 
[DMPC] = 1.0×10-4 M,   [DMTreC14] = 2.33×10-4 M. 
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2-4.  ⥲ᣓ 
 
ᮏ❶䛷䛿䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTreC14䠅䛾⭷≀ᛶ䛻䛴䛔䛶᳨ウ䛧䛯䛸䛣䜝䚸௨
ୗ䛾䜘䛖䛺▱ぢ䛜ᚓ䜙䜜䛯䚹 
 
1. DMPC䛚䜘䜃 DMTreC14 10 mol%, 50 mol%䛿 100nm䡚250 nm䛾⭷┤ᚄ䛷⣙
୍䞄᭶௨ୖᏳᐃ䛧䛯䚹䜎䛯䚸DMTreC14 30 mol%䛿ㄪ〇┤ᚋ䛛䜙୙Ᏻᐃ䛷䛒䛳
䛯䚹 
2. DMTreC14 70 mol%䛾⭷┤ᚄ䛿⣽⥙ෆ⓶⣔䠄RES䠅䜢ᅇ㑊ྍ⬟䛺 100 nm௨ୗ
䛷⣙୍䞄᭶௨ୖᏳᐃ䛧䛯䚹 
 
3. ㏱㐣ᆺ㟁Ꮚ㢧ᚤ㙾䛷䛾ほᐹ䛻䜘䜚䚸DMTreC14 70 mol%䛿ᆒ୍䛺஧ศᏊ⭷ᵓ
㐀䜢᭷䛩䜛⌫ᙧ䛷䛒䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
 
௨ୖ䛾䛣䛸䛛䜙䚸DMTreC14 70 mol%䛿䚸┤ᚄ⣙ 100 nm௨ୗ䛾ᆒ୍䛺⌫ᙧ䜢䛧䛶
䛚䜚䚸㛗ᮇ㛫Ᏻᐃ䛺䝸䝫䝋䞊䝮䜢ᙧᡂ䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹䜎䛯䚸⏕య䜈䛾㟼⬦
ᢞ୚䛾㝿䛻䚸⣽⥙ෆ⓶⣔䜈䛾ྲྀ䜚㎸䜏䜢ᅇ㑊䛷䛝䜛䛣䛸䛜♧၀䛥䜜䚸⮫ᗋᛂ⏝䛻䛚䛔
䛶ᮇᚅ䛷䛝䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
䜎䛯䚸䛣䛾⤖ᯝ䛛䜙௨ᚋ䛾ᐇ㦂䛿 DMTreC14 70 mol% 䠄DMTre䠅䜢⏝䛔䛶⾜䛳䛯䚹 
 
 
 
 
  
18 
 
➨ 3❶  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ⓑ⾑⑓䛻ᑐ䛩䜛 in vitro 䛚䜘䜃 in vivo 䛷䛾἞⒪ຠ
ᯝ 
 
3-1.  ᗎ 
 
⾑ᾮ䛿⾑⟶ෆ䜢ᚠ⎔䛩䜛⢓⛻䛺㉥Ⰽ䛾ᾮయ䛷䛒䜚䚸⾑₢䛸࿧䜀䜜䜛ῐ㯤Ⰽ䛾ᾮయ
ᡂศ䛸⣽⬊ᡂศ䛻ศ䛡䜙䜜䜛䚹⾑₢䛿 pH 䛾⥔ᣢ䜔䚸จᅛ཯ᛂ䛻㛵䜟䜛䝣䜱䝤䝸䝜䝀䞁
䛺䛹䛾⺮ⓑ㉁䚸䜾䝹䝁䞊䝇䜔䜰䝭䝜㓟䛺䛹䛾ᰤ㣴⣲䚸⣽⬊䛛䜙᤼ฟ䛥䜜䜛⪁ᗫ≀䜢㐠
ᦙ䛧䛶䛔䜛䚹⣽⬊ᡂศ䛿㉥⾑⌫䚸ⓑ⾑⌫䚸⾑ᑠᯈ䛻ศ䛡䜙䜜䜛䚹㉥⾑⌫䛾ᙺ๭䛿㓟⣲
䛸஧㓟໬Ⅳ⣲䛾㐠ᦙ䛷䛒䜛䚹䜺䝇஺᥮䛿㉥⾑⌫⣽⬊⭷䜢㏻䛧䛶㓟⣲䛸஧㓟໬Ⅳ⣲䛜
஺᥮䛥䜜䚸⣽⬊㉁䛾䝦䝰䜾䝻䝡䞁䛸㓝⣲䛾ാ䛝䛷㓟⣲䛸஧㓟໬Ⅳ⣲䛿㍺㏦䛥䜜䜛䚹ⓑ
⾑⌫䛿⏕యච␿䛻㛵䜟䜛⣽⬊䛷䛒䜛 87)䚹ᮎᲈ⾑୰䛾ⓑ⾑⌫䛻䛿㢛⢏⌫䞉䝸䞁䝟⌫䞉༢
⌫䛜䛒䜚䚸㢛⢏⌫䛿䜼䝮䝄ᰁⰍ䛻䜘䜛ᰁⰍ䛾䛥䜜᪉䛾㐪䛔䛻䜘䛳䛶ዲ୰⌫䚸ዲ㓟⌫䚸
ዲሷᇶ⌫䛾 3 䛴䛻ศ㢮䛥䜜䜛 88)䚹䛧䛯䛜䛳䛶ⓑ⾑⌫䛿㏻ᖖ䚸ዲ୰⌫䞉ዲ㓟⌫䞉ዲሷᇶ
⌫䞉䝸䞁䝟⌫䞉༢⌫䛾 5 ✀㢮䛻ศ㢮䛥䜜䜛䚹⾑ᑠᯈ䛿⾑ᰦ䛾ᙧᡂ䛻୰ᚰⓗ䛺ᙺ๭䜢ᯝ
䛯䛧䚸⾑⟶ቨ䛜ᦆയ䛧䛯᫬䛻⾑ᑠᯈจ㞟䜢㉳䛣䛧Ṇ⾑䛩䜛 89)䚹䛣䜜䜙䛾⾑⌫䛿㦵㧊䛻
䛶⏘⏕䛥䜜䛶䛔䜛䚹㦵㧊䛷䛿㐀⾑ᖿ⣽⬊䛜⮬ᕫ」〇䜢⾜䛳䛶䛔䜛䚹ቑṪ䛧䛯㐀⾑ᖿ
⣽⬊䛿䚸㦵㧊⣔ᖿ⣽⬊䛸䝸䞁䝟⣔ᖿ⣽⬊䛻ศ໬䛧䚸๓㥑⣽⬊䛸䛺䜚䛭䜜䛮䜜䛾⾑⌫䜈
ศ໬䞉ᡂ⇍䛧䛶⾜䛟䚹䛣䛾㐀⾑ᖿ⣽⬊䛻␗ᖖ䛜㉳䛝↓⛛ᗎ䛻ቑ䛘䜛䛣䛸䛷䚸⾑⌫䛾㐀
⾑䜢㜼ᐖ䛩䜛⑓䛜ⓑ⾑⑓䛷䛒䜛䚹 
ⓑ⾑⑓䛿䚸ⓑ⾑⑓⣽⬊䛜ᗂⱝ䛺ᙧែ䛾䜎䜎ቑຍ䛧䛶䛔䛟䛂ᛴᛶⓑ⾑⑓䛃䛸ⓑ⾑⑓⣽
⬊䛜୍ぢṇᖖ䛺⾑ᾮ⣽⬊䛻ぢ䛘䜛䛂៏ᛶⓑ⾑⑓䛃䛻ศ䛡䜙䜜䜛䚹᭦䛻䚸㦵㧊⣔⣽⬊䛛
䜙Ⓨ⏕䛩䜛䛂㦵㧊ᛶⓑ⾑⑓䛃䛸䚸䝸䞁䝟⌫⣔⣽⬊䛛䜙Ⓨ⏕䛩䜛䛂䝸䞁䝟ᛶⓑ⾑⑓䛃䛻ศ㢮
䛥䜜䜛䚹἞⒪ἲ䛿୺䛻໬Ꮫ⒪ἲ䛜⏝䛔䜙䜜䜛䚹ึ䜑䛻」ᩘ䛾ᢠ䛜䜣๣䜢 4䡚5㐌㛫኱
㔞䛻ᢞ୚䛧䚸ⓑ⾑⑓⣽⬊䜢ᐶゎ䛥䛫䜛䛂ᐶゎᑟධ⒪ἲ䛃䛜⏝䛔䜙䜜䜛䚹䛭䛾ᚋ䚸5䠂௨
ୗ䛻䛺䛳䛯ⓑ⾑⑓⣽⬊䜢䛥䜙䛻ῶ䜙䛩䛂ᆅᅛ䜑⒪ἲ䛃䛜⾜䜟䜜䜛䚹ᆅᅛ䜑⒪ἲ䛷䛿䚸
ᐶゎᑟධ⒪ἲ䛷⏝䛔䛯」ᩘ䛾ᢠ䛜䜣๣䜢⥆䛡䛺䛜䜙䚸ู✀䛾ᢠ䛜䜣๣䜒ຍ䛘᭦䛻ᩘ
䞃᭶㛫἞⒪䜢⾜䛖䚹䛭䛾ᚋ䚸᏶඲ᐶゎ䜢⥔ᣢ䛩䜛Ⅽ䛻ᑡ㔞䛾ᢠ䛜䜣๣䛻䜘䜛἞⒪䜢 1
䡚2 ᖺ㛫⥆䛡䚸᏶඲ᐶゎ䛜 5 ᖺ௨ୖᣢ⥆䛧䛯ሙྜⓑ⾑⑓䛿἞⒵䛧䛯䛸⪃䛘἞⒪䛜⤊
஢䛩䜛䚹䛧䛛䛧䚸኱㔞䛾ᢠ䛜䜣๣䜢౑⏝䛩䜛Ⅽ䚸⬺ຊ䚸ྤ䛝Ẽ䚸჎ྤ䚸ୗ⑩䚸⬺ẟ䚸㈋
⾑䚸⾑ᾮจᅛ⬟䛾పୗ䚸㣗ḧ୙᣺䚸᫆ឤᰁᛶ➼䛾๪స⏝䛜⏕䛨䚸ᝈ⪅䛾 QOL
䠄quality of life䠅䛾ⴭ䛧䛔పୗ䛜ᘬ䛝㉳䛣䛥䜜䜛䚹 
䝠䝖䛾యෆ䛷䛿ᜏᖖᛶ䛾⥔ᣢ䜔⎔ቃ㐺ᛂ䛾Ⅽ䚸ẖ⛊ヂ 100 ୓ಶ䛾⣽⬊䛜Ṛ䜣䛷䛔
䜛䚹⣽⬊䛾Ṛ䛻᪉䛿୺䛻䜰䝫䝖䞊䝅䝇䚸䜸䞊䝖䝣䜯䝆䞊⣽⬊Ṛ䚸䝛䜽䝻䞊䝅䝇䛾 3 䛴䛻
ศ㢮䛥䜜䜛䚹䜰䝫䝖䞊䝅䝇䠄Apoptosis䠅䛿 DNA 䛜จ㞟䛧䚸䝚䜽䝺䜸䝋䞊䝮༢఩䛻ษ᩿䛥
䜜䜛䚹⣽⬊㉁䜔⣽⬊ᑠჾᐁ䛿⣽⬊⭷䛻䜘䜚⣽ศ໬䛥䜜䜰䝫䝖䞊䝅䝇ᑠయ䜢ᙧᡂ䛩䜛䚹
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䜰䝫䝖䞊䝅䝇ᑠయ䛿䝬䜽䝻䝣䜯䞊䝆䜔㞄᥋䛩䜛⣽⬊䛻䜘䛳䛶㈎㣗䛥䜜䜛Ⅽ䚸⅖⑕཯ᛂ
䛿㉳䛝䛺䛔䚹䜸䞊䝖䝣䜯䝆䞊䠄Autophagy䠅䛿⣽⬊䛜㣚㣹≧ែ䛾㝿䚸ᚲせ᭱ᑠ㝈䛾⣽⬊
ᑠჾᐁ䜢ṧ䛧䚸䛭䜜௨እ䜢ศゎ䛧䚸⮬㣗䛩䜛䛣䛸䛷䛒䜛䚹䛣䛾㐣⛬䛜㐣๫䛻㐍䜏⏕䛝䜛
䛾䛻ᚲせ䛺せ⣲䜎䛷ศゎ䛥䜜䜛䛸⣽⬊䛿Ṛ䛻⮳䜛䛸⪃䛘䜙䜜䚸䛭䜜䜢䜸䞊䝖䝣䜯䝆䞊⣽
⬊Ṛ䠄Autophagic cell death䠅䛸࿧䜆䚹᭱ᚋ䛾⣽⬊Ṛ䛿䝛䜽䝻䞊䝅䝇䠄Necrosis䠅䛷䛒䜛䚹
䛣䜜䛿⣽⬊䛜≀⌮ⓗ䛺യᐖ䛻䜘䛳䛶ᘬ䛝㉳䛣䛥䜜䜛஦䛜ከ䛟䚸⣽⬊䛜⭾₶䛧䚸◚⿣䛩
䜛䛣䛸䛷⣽⬊䛾ෆᐜ≀䛜ὶኻ䛧䚸⅖⑕཯ᛂ䜢ᘬ䛝㉳䛣䛩䚹䜰䝫䝖䞊䝅䝇䛾ㄏᑟ䛿䜹䝇䝨
䞊䝇䛻䜘䛳䛶ᘬ䛝㉳䛣䛥䜜䜛䚹䜹䝇䝨䞊䝇䠄Caspase : Cysteine protease that cuts proteins 
after aspartic acid residues䠅䛿䜶䞁䝗䝨䝥䝏䝍䞊䝊䛷䛒䜚άᛶ㒊఩䛻䝅䝇䝔䜲䞁䜢ྵ䜏䚸
䜰䝇䝟䝷䜼䞁㓟䛷⤊䜟䜛㓄ิ䜢ษ᩿䛩䜛䚹䝠䝖䛾䜹䝇䝨䞊䝇䛿 12 ✀㢮䛜ྠᐃ䛥䜜䛶䛚
䜚䚸䛭䛾୰䛷䜒䜲䝙䝅䜶䜲䝍䞊䠄ㄏᑟ䠅䛸䜶䝣䜵䜽䝍䞊䠄ᐇ⾜䠅䛻ศ㢮䛩䜛䛣䛸䛜䛷䛝䜛䚹㏻
ᖖ䚸䜹䝇䝨䞊䝇䛿୙άᛶ≧ែ䛾䝥䝻䜹䝇䝨䞊䝇䛾≧ែ䛷Ꮡᅾ䛧䛶䛔䜛䚹䝅䜾䝘䝹ఏ㐩
⤒㊰䛾ୖὶ䜘䜚㛤ጞ䛾䝅䜾䝘䝹䜢ཷ䛡䛶άᛶ໬䛧䛯䜲䝙䝅䜶䜲䝍䞊䜹䝇䝨䞊䝇䛿䝥䝻
䜹䝇䝨䞊䝇䜢ษ᩿䛧άᛶ໬䛥䛫䜛䚹άᛶ໬䛧䛯䜶䝣䜵䜽䝍䞊䜹䝇䝨䞊䝇䛿䜰䝫䝖䞊䝅䝇
䜢ᐇ⾜䛩䜛Ⅽ䛻䚸DNA䛾᩿∦໬䜔᰾䝷䝭䞁䛾ษ᩿䜢⾜䛖 4)䚹 
䛜䜣἞⒪䛻⏝䛔䜙䜜䜛ᢠ䛜䜣๣䛿䚸DNAྜᡂ㜼ᐖ䚸⣽⬊ศ⿣㜼ᐖ䚸DNAᦆയ䚸௦
ㅰᣕᢠ䚸ᰤ㣴㜼ᐖ䛺䛹䛜䛒䜛䚹䛧䛛䛧䚸䛣䜜䜙䛾ᢠ䛜䜣๣䛿䛜䜣⣽⬊䛾䜏䛷䛿䛺䛟ᡂ
㛗䛾┒䜣䛺ṇᖖ⣽⬊䛻䜎䛷ᙳ㡪䜢୚䛘䜛䚹䜎䛯䚸୍㒊䛾ᢠ䛜䜣๣䛿䛜䜣⣽⬊䜢䝛䜽䝻
䞊䝅䝇䛥䛫⑓ᕢ䛻⅖⑕䜢ᘬ䛝㉳䛣䛩䚹䛣䛾⌧㇟䛜ᢠ䛜䜣๣䛾๪స⏝䜈䛸䛴䛺䛜䛳䛶䛔
䜛䚹๪స⏝䜢↓䛟䛩Ⅽ䛻䛿䚸ṇᖖ⣽⬊䛸䛜䜣⣽⬊䜢㆑ู䛧䚸䛜䜣⣽⬊䜢䜰䝫䝖䞊䝅䝇䛥
䛫䜛⸆๣䛜ᚲせ䛷䛒䜛䚹 
ᮏ❶䛷䛿䚸䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ᛴᛶⓑ⾑⑓䠄acute lymphoblastic leukemia : ALL, 
MOLT-4䠅⣽⬊䛻ᑐ䛩䜛ไ䛜䜣䝯䜹䝙䝈䝮䛾ゎ᫂ཬ䜃 in vivo 䛷䛾ⓑ⾑⑓⣽⬊⓶ୗ⛣
᳜䝰䝕䝹䝬䜴䝇䛻ᑐ䛩䜛䜰䝫䝖䞊䝅䝇ㄏᑟ䛻䜘䜛἞⒪ຠᯝ䛻䛴䛔䛶᳨ウ䛧䛯䚹 
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3-2.  ᐇ㦂 
 
3-2-1.  ヨᩱ 
 
 
DMPCཬ䜃 TreC14䛿 2-2-1 䛸ྠᵝ䛾䜒䛾䜢౑⏝䛧䛯䚹 
 
 
䛆⺯ග䝸䞁⬡㉁䛇 
⺯ග䝸䞁⬡㉁䛷䛒䜛⺯ග⬡㉁ 1-palmitoyl-2-[12-(7nitro-21, 3-benzoxa- diazol-4-
yl)amino]dodecanoyl]-sn-glycero-3-phosphocholine 䠄NBDPC : M.W. = 856.05䠅䛿䚸ᕷ
㈍ရ䠄Aventi polar lipids䠅䜢䛭䛾䜎䜎౑⏝䛧䛯䚹௨ୗ䛻ᵓ㐀ᘧ䜢♧䛩䚹 
 
 
Fig. 3-2-1 Chemical structure of 1-palmitoyl-2-[12-(7nitro-21, 3-benzoxa- diazol-4-
yl) amino] dodecanoyl]-sn-glycero-3-phosphocholine 䠄NBDPC䠅. 
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3-2-2.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ㄪ〇 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛿䚸2-2-2 䛸ྠᵝ䛾᪉ἲ䛻䛶ㄪ〇䛧䛯䚹 
 
 
3-2-3.  ⺯ග⬡㉁ྵ᭷䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ㄪ〇 
 
཮ᛶ䝸䞁⬡㉁䛾 DMPC䚸䝖䝺䝝䝻䞊䝇⏺㠃άᛶ๣䛾 TreC14ཬ䜃⺯ග⬡㉁䛾
NBDPC䜢⛗㔞䛧䚸䝘䝇ᆺ䝣䝷䝇䝁䛻ධ䜜䛯ᚋ䚸5%䝤䝗䜴⢾⁐ᾮ୰䛷䝞䝇ᆺ㉸㡢Ἴ↷
ᑕჾ䠄WT-200-M, 200 W, 28/45 kHz, 45 Υ䠅䜢⏝䛔䛶㉸㡢Ἴ↷ᑕ䠄45 Υ, 1 min/ ml䠅
䜢⾜䛳䛯䚹ᚓ䜙䜜䛯ᆒ୍䛺⁐ᾮ䜢Ꮝᚄ 0.45 μm䝣䜱䝹䝍䞊䛷ℐ㐣⁛⳦䛧䛯䜒䛾䜢ヨᩱ
⁐ᾮ䛸䛧䛶⏝䛔䛯䚹 
DMTre/ NBDPC : (70 mol% TreC14 /29m mol% DMPC /1m mol% NBDPC) 
 
 
Fig. 3-2-3 Schematic representation of trehalose liposome (DMTre/NBDPC). 
 
3-2-4.  ౑⏝⣽⬊ 
 
⊂❧⾜ᨻἲே⌮໬Ꮫ◊✲ᡤ䝞䜲䜸䝸䝋䞊䝇䝉䞁䝍䞊䜘䜚㉎ධ䛧䛯䝠䝖ᛴᛶ䝸䞁䝟ⱆ⌫
ᛶⓑ⾑⑓䠄MOLT-4䠅⣽⬊䜢⏝䛔䛯䚹ᇵ㣴ᇵᆅ䛸䛧䛶 90 % RPMI-1640/10 % FBS䜢౑
⏝䛧䛯䚹䜎䛯䚸ᇵ㣴䛿 37䉝䚸‵ᗘ 95䠂䚸CO2⃰ᗘ 5䠂䛾᮲௳䛷⾜䛳䛯䚹 
 
3-2-5.  ౑⏝ື≀ 
 
ື≀䛿ᒸ⏣ㄔྖᩍᤵ䠄⇃ᮏ኱Ꮫ䠅䜘䜚ᥦ౪䛧䛶㡬䛔䛯䚸Jak3, Rag-2㑇ఏᏊ䜢䝜䝑䜽䜰
䜴䝖䛧䛯㧗ᗘච␿୙඲䝬䜴䝇䠄BALB/c-R/J䠅90)䜢⮬ᐙ⦾Ṫ䛥䛫౑⏝䛧䛯䚹 
䝬䜴䝇䛿䚸ᜏ ᜏ‵⎔ቃୗ䠄ᐊ  24±2 Υ䚸‵ᗘ 55±10 %䚸↷᫂᫬㛫 12᫬㛫䠅䛾
䜽䝸䞊䞁䝹䞊䝮ෆ䛻䛶㣫⫱䛧䛯䚹Ỉ䛚䜘䜃㣵䛿䜸䞊䝖䜽䝺䞊䝤䛻䜘䜚⁛⳦䛧䛯䜒䛾䜢⮬
⏤䛻ᦤྲྀ䛥䛫䛯䚹  
Vesicle
DMPC
+
Sonication
45Υ, 1min/ml
Micelle
TreC14
Vesicle
NBDPC
+
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3-2-6.  㓝⣲άᛶ ᐃἲ䜢⏝䛔䛯⣽⬊ቑṪᢚไヨ㦂 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾 MOLT-4 ⣽⬊䛻ᑐ䛩䜛ቑṪᢚไຠᯝ䛿䚸㓝⣲άᛶ ᐃἲ
䛷䛒䜛 WST-8 assay(Cell Counting Kitt-8, DOJIN)䜢⏝䛔䛶ホ౯䛧䛯䚹WST-8 assay91)
䛿䚸⣽⬊ෆ㟁Ꮚఏ㐩⣔䛻䛚䛡䜛⬺Ỉ⣲཯ᛂ䛻䜘䜚㧗ឤᗘỈ⁐ᛶ䝩䝹䝬䝄䞁䜢⏕ᡂ䛩
䜛 WST-8 䠄 2-[2-methoxy-4-nitrophenyl]-3-[4-nitrophenyl]-5-[2,4-disulfophenyl]-2H- 
tetrazolium,monosodium salt䠅䜢ⓎⰍᇶ㉁䛸䛧䛶⏝䛔䜛䛣䛸䛻䜘䜚䚸⣽⬊䛾ቑṪάᛶ䛾
ホ౯䜔⏕⣽⬊ᩘ䜢⟬ฟ䛩䜛᪉ἲ䛷䛒䜛䚹WST-8䛿䚸⣽⬊እ䛷ங㓟⬺Ỉ⣲㓝⣲䛾⿵㓝
⣲䛷䛒䜛 NADH 䛛䜙 1-Methoxy-5-methylphenazinium methylsulfate 䜢௓䛧䛶㟁Ꮚ䜢
ཷ䛡ྲྀ䜛䛣䛸䛷㑏ඖ䛥䜜䚸Ỉ⁐ᛶ䛾 WST-8 formazan 䜢⏕ᡂ䛩䜛䚹䛣䛾 WST-8 
formazan䛾⏕ᡂ㔞䛿䚸⏕⣽⬊ᩘ䛸ẚ౛㛵ಀ䛻䛒䜛䛯䜑䚸䛣䛾ẚⰍ್䜢྾ගᗘ䛸䛧䛶 
ᐃ䛧ẚ㍑䛩䜛䛣䛸䛷䚸⣽⬊ቑṪ䛾ᣦᶆ䛸䛩䜛䛣䛸䛜ฟ᮶䜛䚹 
 
96 well䝬䝹䝏䝥䝺䞊䝖䠄SUMIRON䠅䛻MOLT-4⣽⬊䠄1.0×105 cells/ml䠅䜢 100 μl/well
䛷᧛✀䛧䚸24᫬㛫๓ᇵ㣴䜢⾜䛳䛯䚹䛭䛾ᚋ䚸ྛヨᩱ䜢 10 μl/wellῧຍ䛧䚸䜲䞁䜻䝳䝧䞊
䝖䛧䛯䠄37Υ, 5%CO2, ‵ᗘ 95%, 48h䠅䚹48᫬㛫ᚋ䛻 Cell Counting Kit-8䜢 10 μl/well
ῧຍ䛧䚸2.5 ᫬㛫䛾࿊Ⰽ཯ᛂ䜢⾜䛳䛯䚹࿊Ⰽ཯ᛂᚋ䚸䝬䜲䜽䝻䝥䝺䞊䝖䝸䞊䝎䞊
䠄VERSA max microplate reader, Molecular Devices䠅䜢⏝䛔䛶Ἴ㛗 450 nm䛾᮲௳䛷྾
ගᗘ䜢 ᐃ䛧䛯䚹 
ヨᩱ䜢ῧຍ䛧䛯䜒䛾䜢㝧ᛶᑐ㇟䛸䛧䚸5%䝤䝗䜴⢾⁐ᾮ䜢ῧຍ䛧䛯䜒䛾䜢㝜ᛶᑐ㇟䚸
⣽⬊ᠱ⃮ᾮ䛾䜏䛾䜒䛾䜢䝤䝷䞁䜽䛸䛧䛶౑⏝䛧䛯䚹㝧ᛶᑐ㇟䛛䜙䝤䝷䞁䜽䜢ᘬ䛔䛯䜒䛾
䜢 Amean , 㝜ᛶᑐ㇟䛛䜙䝤䝷䞁䜽䜢ᘬ䛔䛯䜒䛾䜢 Acontrol 䛸䛧䚸௨ୗ䛾ᘧ(3-1)䜘䜚⣽⬊䛾
⏕Ꮡ⋡䜢⟬ฟ䛧䛯䚹 
Viability (%) = (A Mean / A Control )×100 䞉 䞉 䞉 (3-1) 
 
Fig. 3-2-4 Reaction scheme of WST-8.  
substrates NAD+
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3-2-7.  DNA᩿∦໬⋡䛾 ᐃ 
 
DNA᩿∦໬⋡䜢 PI 䠄Propidium iodide䠅ᰁⰍἲ䜢⏝䛔䛶䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊䛻䛶 
ᐃ䛧䛯䚹䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊䛻䛚䛡䜛 ᐃ䛷䛿⣽⬊ẖ䛻䝺䞊䝄䞊䜢↷ᑕ䛩䜛ᚲせ䛜
䛒䜚䚸䛭䛾≧ែ䛿䝣䝻䞊䝉䝹䛻䜘䛳䛶స䜙䜜䛶䛔䜛䚹䝣䝻䞊䝉䝹䛿ὶయຊᏛ䛻ᇶ䛵䛔
䛶タィ䛥䜜䛶䛚䜚䚸䝃䞁䝥䝹⁐ᾮ䛾ὶ䜜䛸䝅䞊䝇ᾮ䛾ὶ䜜䛻䜘䜚ὶᒙ䛜ᙧᡂ䛥䜜䜛䚹䝃
䞁䝥䝹ᾮഃ䛾ὶ㏿䜢䝅䞊䝇ᾮഃ䛾ὶ㏿䜘䜚䜟䛪䛛䛻㐜䛟䛩䜛䛣䛸䛻䜘䜚䚸䝃䞁䝥䝹ᾮ䛿
䝅䞊䝇ᾮ䛸䛾ὶᒙ䜢స䜛ẁ㝵䛷ὶయຊᏛⓗ⤠䜚㎸䜏䛜⏕䛨䚸⣽⬊䛜୍ิ䛻୪䜆䚹䛣䛾
≧ែ䛷䝺䞊䝄䞊ග䛜⣽⬊䜢㏻㐣䛧䚸Ⓨ䛥䜜䜛ᩓ஘ග䜔⺯ග䜢䝎䜲䜽䝻䜲䝑䜽䝭䝷䞊
䠄Dichroic mirror : DM䠅䜔䝞䞁䝗䝟䝇䝣䜱䝹䝍䞊䠄Bandpass filter : BP䠅䜢⏝䛔䛶ศග䛧䚸
ග㟁Ꮚಸቑ⟶䠄Photmultiplier tube : PMT, ᳨ฟჾ䠅䛻䛶㟁ᅽ䝟䝹䝇䛻ኚ᥮䛩䜛䛣䛸䛻
䜘䜚 ᐃ䛥䜜䜛䚹 ᐃ⤖ᯝ䜢䝟䝷䝯䞊䝍䞊䛤䛸䛻ゎᯒ䛩䜛䛣䛸䛻䜘䜚䚸⣽⬊䜂䛸䛴䜂䛸䛴
䛾≉ᛶ䜢ศᯒ䛩䜛䛣䛸䛜ฟ᮶䠄Fig. 3-2-5䠅䚹ᩓ஘ග䛿䝺䞊䝄䞊ධᑕ䛸ྠ୍┤⥺ୖ䛷๓
᪉ᩓ஘ග䠄forward scatter : FSC䠅䛸䚸ᆶ┤᪉ྥ䛷ഃ᪉ᩓ஘ග䠄Side scatter : SSC䠅䛸䛧䛶
PMT 䛻䜘䛳䛶᳨ฟ䛥䜜䚸FSC 䛿⣽⬊䛾኱䛝䛥䚸SSC 䛿⣽⬊䛾ᙧ䜔ෆ㒊ᵓ㐀䛾」㞧䛥
䜢▱䜛䛣䛸䛜ฟ᮶䜛䠄Fig. 3-2-6䠅92)䚹⺯ග䛿䚸⣽⬊䛾ᚤ㔞䛾䝍䞁䝟䜽㉁䛺䛹䜢⺯ග≀㉁
䛻䛶≉␗ⓗ䛻ᰁⰍ䛩䜛䛣䛸䛻䜘䜚⣽⬊ෆ䛷䛾Ⓨ⌧㔞䜢ㄪ䜉䜛䛣䛸䛜䛷䛝䜛䚹䛣䜜䜙䛾᳨
ฟჾ䜢⤌䜏ྜ䜟䛫䚸ච␿ᰁⰍ䜔⺯ගᰁⰍ䜢⏝䛔䜛䛣䛸䛻䜘䜚ከᵝ䛺䝕䞊䝍䜢୍ᗘ䛻ゎ
ᯒ䛩䜛䛣䛸䛜ྍ⬟䛸䛺䛳䛯䚹 
PI䛿䚸DNA䛾஧㔜㙐䛻ᯫᶫⓗ䛻⤖ྜ䛩䜛䛣䛸䛻䜘䛳䛶⺯ගᙉᗘ䛜 10ಸ䛻䚸㔞Ꮚ཰
㞟⋡䛿 24ಸ䛻䛺䜛⺯ගⰍ⣲䛷䛒䜛䚹䛥䜙䛻䚸ග䛻ᑐ䛩䜛Ᏻᐃᛶ䜒Ⰻዲ䛛䛴ᰁⰍἲ䜒䛝
䜟䜑䛶⡆༢䛷䛒䜛䛯䜑᭱䜒౑䛔䜔䛩䛟䚸DNA㔞 ᐃ䛻ඃ䜜䛯ᰁⰍ᪉ἲ䛷䛒䜛 93)䚹 
100 mm dish䛻⣽⬊䠄1.0×105 cells/ml䠅䜢᧛✀䠄10 ml/ dish䠅䛧䚸24᫬㛫ᇵ㣴䛧䛯䚹䛭
䛾ᚋ䚸ྛヨᩱ䜢ῧຍ䛧䚸䜲䞁䜻䝳䝧䞊䝖䛧䛯䠄37Υ, 5%CO2, ‵ᗘ 95%, 24h䠅䚹24 ᫬㛫
ᚋ䛻⣽⬊䜢ᅇ཰䛧䚸ୖ⃈䜏䜢㝖ཤ䛧䛯ᚋ䛻 0.1% Triton-X 100䜢ῧຍ䛧䛶ᾐ㏱໬ฎ⌮
䜢䛧䛯䚹ᾐ㏱໬ฎ⌮ᚋ䛻䚸RNase 䠄1 mg/ml, SIGMA䠅䛻䜘䜚⣽⬊ෆ䛾 RNA 䜢ศゎ㝖
ཤ䛧䛯䠄ᐊ , 5 min䠅䚹PBS(-)䛷෌ᠱ⃮䛧䛯䜒䛾䜢䝘䜲䝻䞁䝯䝑䝅䝳䛻㏻㐣䛥䛫䚸䝔䝇䝖䝏
䝳䞊䝤䛻ධ䜜䛯䚹PI䠄Fig. 3-2-7䠅䜢ῧຍ䛧䛶 DNA 䜢ᰁⰍ䛧䚸䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊
䠄EPICS® EX, Beckman Coulter䠅䜢⏝䛔䛶⣽⬊䛾 DNA ᩿∦໬⋡䜢 ᐃ䛧䛯䚹ග※䛻
Ar䝺䞊䝄䞊䠄488 nm, 15 mW䠅䜢౑⏝䛧䚸FL3䝉䞁䝃䞊䠄605~630 nm䠅䜢⏝䛔䛶⺯ග䜢
᳨ฟ䛧䛯䚹 
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Fig. 3-2-5 Principle of flow cytometer. 
 
Fig. 3-2-6 Structure of flow cell. 
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Fig. 3-2-7 Chemical structure of propidium iodide. 
 
3-2-8.  䜹䝇䝨䞊䝇άᛶ䛾 ᐃ 
 
䜹䝇䝨䞊䝇(caspase : Cysteine-aspartic-acid-protease)䛿䚸୍⯡ⓗ䛻䝥䝻䝔䜰䞊䝊άᛶ
䜢᭷䛧䛺䛔๓㥑య pro-caspase 䛸䛧䛶⣽⬊ෆ䛻Ꮡᅾ䛧䚸䜰䝫䝖䞊䝅䝇ㄏᑟ䛻䜘䜛่⃭䜢
ཷ䛡䛯㝿䛻䝥䝻䝉䝅䞁䜾䛥䜜䛶άᛶᆺ䛸䛺䜛䚹䜹䝇䝨䞊䝇䛾✀㢮䛿⌧ᅾ☜ㄆ䛥䜜䛶䛔
䜛䛰䛡䛷 14✀㢮Ꮡᅾ䛧䚸䛭䛾୰䛾-2, 3, 6, 7, 8, 9, 10, 12䛜䜰䝫䝖䞊䝅䝇ㄏᑟ䛻㛵୚䛧
䛶䛔䜛䛸䛥䜜䛶䛔䜛 94)䚹 
䜹䝇䝨䞊䝇-3, -8, -9 άᛶ䛾 ᐃ䛿䚸䜹䝇䝨䞊䝇䛻ᑐ䛧䛶≉␗ⓗ䛺⺯ගᇶ㉁䛷䛒䜛
PhiPhiLux 䛸 CaspaLux (OncoImmunin, Inc)䜢⏝䛔䛶ホ౯䛧䛯䚹PhiPhiLux䛿䜹䝇䝨䞊
䝇 -3(Green Fluorescence, PhiPhiLux-G1D2) 䚸 CaspaLux 䛿䜹䝇䝨䞊䝇 -8 (Green 
Fluorescence, CaspaLux 8-L1D2)䛚䜘䜃䜹䝇䝨䞊䝇-9 (Green Fluorescence, CaspaLux 9-
M1D2)䛻䛭䜜䛮䜜≉␗ⓗ䛺ㄆ㆑㓄ิ(DEVDGI䛚䜘䜃 IETDSG, LEHDG)䜢⺯ගⰍ⣲
䛷ᶆ㆑䛧䛯⺯ගᇶ㉁䛷䛒䜛䠄Fig. 3-2-8䠅䚹䜹䝇䝨䞊䝇-3, -8, -9 䛻䜘䛳䛶ᇶ㉁㓄ิ୰䛾
GI䛚䜘䜃 SG, DG䛜ษ᩿䛥䜜䜛䛣䛸䛷⺯ග䜢Ⓨ䛩䜛 95-100)䚹 
 
Fig. 3-2-8 Principle of PhiPhiLux and CaspaLux. 
N+
(CH2)3 N+ CH3
CH2CH3
CH2CH3
NH2H2N
IETD SG
CaspaLux®-8
IETD
DEVD LEH
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SG 
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100 mm dish䛻⣽⬊(1.0×105 cells/ml)䜢᧛✀䠄10 ml/ dish䠅䛧䚸24᫬㛫๓ᇵ㣴䛧䛯䚹
䛭䛾ᚋ䚸ྛヨᩱ䜢ῧຍ䛧䛶䜲䞁䜻䝳䝧䞊䝖(37Υ, 5%CO2, ‵ᗘ 95%)䛧 24᫬㛫ᚋ䛻
⣽⬊䜢ᅇ཰䛧䛯䚹3000 rpm, 3 min䛷㐲ᚰศ㞳䛧䛶ୖ⃈䜏䜢㝖ཤᚋ䚸50 μl (1.0×10-3 
M)䛾 PhiPhi Lux (10% FBS)䜎䛯䛿 CaspaLux (10% FBS)䛷ᠱ⃮䛧䚸37Υ䝗䝷䜲䜲䞁䜻
䝳䝧䞊䝍䞊䛻䛶ᬯୗ䚸45ศ㛫䛾᮲௳䛷ᰁⰍ䛧䛯䚹ᰁⰍᚋ䚸PBS(-)䛷Ὑί䛧䛶䝘䜲䝻䞁
䝯䝑䝅䝳䜢㏻㐣䛥䛫䛶䝔䝇䝖䝏䝳䞊䝤䛻ධ䜜䚸䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊䜢⏝䛔䛶⺯ග㔞䜢 
ᐃ䛧䛯䚹⺯ග㔞䛾 ᐃ䛿䚸ග※䛻✵෭ Ar䝺䞊䝄䞊(488 nm)䜢ฟຊ 15 mW䛷౑⏝
䛧䚸FL1䝉䞁䝃䞊䛻䛶୍ᐃἼ㛗ᇦ(505 nm ~ 545 nm)䛷⺯ග䜢᳨ฟ䛧䛯䚹ヨᩱ䜢ῧຍ
䛧䛶䛔䛺䛔⣽⬊䛾䝠䝇䝖䜾䝷䝮䜢ᇶ‽䛸䛧䛶䚸ヨᩱῧຍᚋ䛾⣽⬊ෆ䛻䛚䛔䛶άᛶ໬䛧䛯
䜹䝇䝨䞊䝇䛻䜘䛳䛶ษ᩿䛥䜜䛯⺯ග≀㉁䛾⺯ගᙉᗘ䛾ቑຍ䛾๭ྜ䜢䜹䝇䝨䞊䝇άᛶ
⋡䛸䛧䛶ホ౯䛧䛯䚹 
 
 
3-2-9.  䝭䝖䝁䞁䝗䝸䜰⭷㟁఩䛾 ᐃ 
 
䜰䝫䝖䞊䝅䝇䛻䛚䛡䜛䝅䜾䝘䝹ఏ㐩ᶵᵓ䛻䛚䛔䛶䝭䝖䝁䞁䝗䝸䜰䛿㔜せ䛺ᙺ๭䜢ᯝ䛯
䛧䛶䛔䜛䚹䝭䝖䝁䞁䝗䝸䜰䛻ᶵ⬟㞀ᐖ䛜㉳䛣䜛䛸䚸䝭䝖䝁䞁䝗䝸䜰䛾⭷ୖ䛻ᒁᅾ䛩䜛 Bax䛾
άᛶ໬䛻䜘䜚 cytochrome c䜔 AIF䛜⣽⬊㉁ෆ䛻₃ฟ䛩䜛䛣䛸䛷⭷㟁఩䛜పୗ䛧䚸䜹
䝇䝨䞊䝇䛜άᛶ໬䛧䛶䜰䝫䝖䞊䝅䝇䛜ㄏᑟ䛥䜜䜛 101-103)䚹䝅䜰䝙䞁Ⰽ⣲䛷䛒䜛 3, 3’ –
dihexyloxacarbocyanin iodide (DiOC6(3), Enzo) 䠄Fig. 3-2-9䠅䛿㟁఩ኚ໬䛻䜘䛳䛶⭷ෆ
እ䛾ᒁᅾ䛜ኚ໬䛩䜛⭷㟁఩ឤཷᛶⰍ⣲䛷䛒䜛 104)䚹䝭䝖䝁䞁䝗䝸䜰䛾⭷䜔⣽⬊ෆ䝍䞁䝟
䜽㉁䛻⤖ྜ䛧䛶␯Ỉⓗ⎔ቃ䛻䛚䛛䜜䜛䛣䛸䛻䜘䜚䚸⺯ගᙉᗘ䛜 10ಸ๓ᚋቑᙉ䛩䜛䚹䛣
䛾Ⰽ⣲䛿䚸㛗㙐䛿⣽⬊⭷䚸▷㙐䛿䝭䝖䝁䞁䝗䝸䜰䛸䛔䛳䛯ᣦྥᛶ䜢♧䛩䚹䝖䝺䝝䝻䞊䝇䝸
䝫䝋䞊䝮䛾䜰䝫䝖䞊䝅䝇ㄏᑟ䛻䛚䛡䜛䝭䝖䝁䞁䝗䝸䜰䛾㛵୚䜢䜏䜛䛯䜑䛻䚸DiOC6(3)䜢⏝
䛔䛶䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊䛻䛶 ᐃ䛧䛯䚹 
 
 
 
Fig. 3-2-9 Chemical structure of DiOC6(3). 
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100 m䡉 dish䛻⣽⬊(1.0×105 cells/ml)䜢᧛✀䠄10 ml/ dish䠅䛧䚸24᫬㛫๓ᇵ㣴䛧䛯䚹
䛭䛾ᚋ䚸ྛヨᩱ䜢ῧຍ䛧䛶䜲䞁䜻䝳䝧䞊䝖(37Υ, 5%CO2, ‵ᗘ 95%, 24h)䛧䛯䚹ᅇ཰
䛾 30ศ๓䛻 DiOC6(3)䜢᭱⤊⃰ᗘ 40 nM 䛸䛺䜛䜘䛖䛻ῧຍ䛧(37Υ, 5%CO2, ‵ᗘ 
95%, 30 min)䚸30ศᚋ䛻⣽⬊䜢ᅇ཰䛧䛯䚹3000 rpm, 3 min䛷㐲ᚰศ㞳䛧䛶ୖ⃈䜏䜢
㝖ཤᚋ䚸PBS䛻䛶෌ᠱ⃮䛧䝘䜲䝻䞁䝯䝑䝅䝳䜢㏻㐣䛥䛫䛯ᚋ䚸䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊䛻䛶
DiOC6(3)䛾⺯ග㔞䜢 ᐃ䛧䛯䚹ග※䛻䛿 488 nm䛾✵෭ Ar䝺䞊䝄䞊䜢ฟຊ 15 mW
䛷౑⏝䛧䚸FL1䝉䞁䝃䞊䛻䛶୍ᐃἼ㛗ᇦ(505 nm ~ 545 nm)䛷 DiOC6(3)䛾⺯ග㔞䜢
᳨ฟ䛧䛯䚹 
 
 
3-2-10. ⺯ග⬡㉁ྵ᭷䝸䝫䝋䞊䝮䛾⣽⬊䜈䛾⼥ྜ䞉⵳✚䛾 ᐃ 
 
⺯ග⬡㉁ྵ᭷䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾 MOLT-4 ⣽⬊⭷䜈䛾⼥ྜ⵳✚䛿䚸䝣䝻䞊䝃
䜲䝖䝯䞊䝍䞊䜢⏝䛔䛶⣽⬊䛻⼥ྜ䞉⵳✚䛧䛯䝸䝫䝋䞊䝮䛾⺯ග㔞䜢 ᐃ䛧䛯䚹 
100 mm dish䛻 1.0×105cells/ml䛻ㄪᩚ䛧䛯⣽⬊ᠱ⃮ᾮ䜢᧛✀䠄10 ml/ dish䠅䛧ྛヨᩱ
䜢ῧຍ䛧䚸10ศ㛫ᇵ㣴䛧䛯䚹ᇵ㣴⤊஢ᚋ䚸㏿䜔䛛䛻⣽⬊䜢ᅇ཰䛧 3000 rpm×3ศ㛫䛾
᮲௳䛷㐲ᚰศ㞳䛧䚸ୖ⃈䜏䜢㝖ཤ䛧䛯䚹䛭䛾ᚋ䚸PBS(-)䛷෌ᠱ⃮䛧䝘䜲䝻䞁䝯䝑䝅䝳䜢
㏻㐣䛥䛫䚸䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊䛷⺯ගᙉᗘ䜢ゎᯒ䛧䛯䚹⺯ග⬡㉁ྵ᭷䝸䝫䝋䞊䝮䛾⺯
ග㔞䛾 ᐃ䛻䛿䚸ග※䛻 488 nm䛾✵෭䜰䝹䝂䞁䝺䞊䝄䞊䜢ฟຊ 15 mW 䛷౑⏝䛧䚸
Ἴ㛗 505~545 nm䛾 FL1䝉䞁䝃䞊䛷 NBDPC䛾⺯ග㔞䜢᳨ฟ䛧䛯䚹 
 
3-2-11. ⺯ග೫ගゎᾘἲ䜢⏝䛔䛯⣽⬊⭷ὶືᛶ䛾 ᐃ 
 
⺯ග೫ගゎᾘἲ䛿䚸೫ගບ㉳ග䜢⺯ග≀㉁䛻↷ᑕ䛩䜛䛣䛸䛻䜘䛳䛶⺯ග≀㉁䛛䜙
Ⓨ䛫䜙䜜䜛⺯ග䛜ศᏊ㔞䛻ᛂ䛨䛶␗䛺䛳䛯೫ගᗘ䜢♧䛩䛸䛔䛖≉ᚩ䜢฼⏝䛧䛯 ᐃ
᪉ἲ䛷䛒䜛䠄Fig. 3-2-10䠅䚹⺯ග䝥䝻䞊䝤䛾ບ㉳ග䛻೫ග䜢⏝䛔䜛䛸䚸୍ᐃ䛾᪉ྥ䛻㓄
ྥ䛧䛯ศᏊ䛾䜏䛜ບ㉳䛥䜜୍ᐃ᪉ྥ䛻⺯ග䜢Ⓨ䛩䜛䚹䛣䜜䜢ບ㉳ග䛻ᑐ䛧䛶ᆶ┤䛚
䜘䜃Ỉᖹ䛺᪉ྥ䛷 ᐃ䛩䜛䛸䚸ศᏊ䛾ື䛝䛜㐜䛔䛸䛝䛻䛿ᆶ┤ᡂศ䛸Ỉᖹ᪉ྥ䛻ᕪ
䛜ぢ䜙䜜䜛䚹䛣䛾⺯ග䛾೫ගᗘ䜢 ᐃ䛩䜛䛣䛸䛷ศᏊ䛾ື䛝䜔䛩䛥䜢ㄪ䜉䚸⭷ὶືᛶ
䛾ᣦᶆ䛸䛧䛶⏝䛔䛯䚹⬡㉁஧ศᏊ⭷䛾䝎䜲䝘䝭䜽䝇䜢▱䜛䛾䛻୍⯡ⓗ䛻⏝䛔䜙䜜䜛 1, 
6-Diphenyle-1, 3, 5-hexatriene (DPH, 䝘䜹䝷䜲䝔䜽䝇)䜢⺯ග䝥䝻䞊䝤䛸䛧䛶౑⏝䛧䛯
105)䚹 
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Fig. 3-2-10 Principle of fluorescence depolarization. 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾MOLT-4⣽⬊⭷䛻୚䛘䜛ᙳ㡪䛿䚸⺯ග೫ගゎᾘἲ䜢⏝䛔
䛶ศග⺯ගගᗘィ(F-4500, HITACHI)䛻䛶 ᐃ䛧䛯䚹ᇵ㣴䛧䛯⣽⬊䜢㐲ỿ⟶䛻ᅇ཰
䛧䚸1000 rpm, 5 min䛾᮲௳䛷㐲ᚰ䛧䛯䚹䜰䝇䝢䝺䞊䝍䞊䛻䛶ୖ⃈䜏䜢㝖ཤ䛧䚸1.0×106 
cells/ml䛻䛺䜛䜘䛖䛻㐲ỿ⟶䛻᧛✀䛧䚸HBSS䛷ᠱ⃮䛧䛯䚹DPH ([DPH] = 2.5×10-3 M, 
⁐፹ : Tetrahydrofuran)䜢ῧຍ䛧(᭱⤊⃰ᗘ : 2 μM)䚸㐽ග≧ែ䛷 37Υ䛻䛶 7ศ䛤䛸
䛻䝍䝑䝢䞁䜾䜢⾜䛔 35ศ㛫ᰁⰍ䛧䛯䚹HBSS䛷 3ᅇὙίᚋ䚸5.0×105 cells/ml䛻䛺䜛䜘
䛖䛻㐲ỿ⟶䛻᧛✀䛧䛯䚹㐲ỿ⟶䛻᧛✀䛧䛯⣽⬊䜢 1 cmゅ䛾▼ⱥ䝉䝹䛻 2.5 mlศὀ
䛧䚸ᚠ⎔ᜏ ᵴ୰䛷 37Υ䛻䛧䛯䚹1ศ㛫 Control䜢 ᐃᚋ䛻ヨᩱ䜢ῧຍ䛧䚸䛜䜣⣽⬊
⭷ὶືᛶ䜢 ᐃ䛧䛯 106-111)䚹DPH䛾⺯ග೫ගᙉᗘ䛿䚸ບ㉳Ἴ㛗 357 nm䛷 432 nm
䛾⺯ග೫ගᙉᗘᡂศ䜢⺯ගศගගᗘィ䛻䛶 ᐃ䛧䚸⺯ග೫ගᗘ(P : Fluorescence 
Polarization)䜢⟬ฟ䛧䛯䚹 
Perrin-Weber䛾ᘧ䛷ᐃ⩏䛥䜜䜛(3-2)ᘧ䛻ᚑ䛳䛶⺯ග೫ගᙉᗘ(P)䜢⟬ฟ䛧䛯䚹 
P = (Ivv-GfIvh) / (Ivv+GfIvh)   (3-2) 
Gf = Ihv / Ihh   (3-3) 
 
䛣䛣䛷䚸Ivv䛚䜘䜃 Ivh䛿䛭䜜䛮䜜ᆶ┤┤⥺೫ගບ㉳ග䛾᣺ື᪉ྥ䛸ᆶ┤䛻᣺ື䛩䜛
೫ගᙉᗘᡂศ䛚䜘䜃Ỉᖹ䛻᣺ື䛩䜛೫ගᙉᗘᡂศ䛷䛒䜛䚹Gf䛿(3-3)ᘧ䛻䜘䜚ồ䜑䜙
䜜䜛⿵ṇಀᩘ䛷䛒䜚䚸Ihh䛚䜘䜃 Ihv䛿䛭䜜䛮䜜Ỉᖹ┤⥺೫ගບ㉳ග䛾᣺ື᪉ྥ䜢Ỉ
ᖹ䛻᣺ື䛩䜛೫ගᙉᗘᡂศ䛚䜘䜃ᆶ┤䛻᣺ື䛩䜛೫ගᙉᗘᡂศ䛷䛒䜛䚹 
  
Polarization
Excitation : 357 nm
Emission  : 432 nm 
DPH
(1,6-diphenyl-1,3,5-hexatriene )
DPH is inserted into the 
membrane
Polarizer
P value is large
قPolarization does not changeك
When the membrane 
fluidity is small, the swing 
of the DPH is small
When the membrane fluidity is 
large, the swing of DPH is large
P value is small
قPolarization is eliminatedك
Polarization
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3-2-12. ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾䜢⏝䛔䛯⣽⬊⭷⬡㉁䝷䝣䝖䛾ほᐹ 
 
⣽⬊⭷ୖ䛾⬡㉁䝷䝣䝖䛾ほᐹ䛻䛿䝁䝺䝷ẘ⣲ B 䝃䝤䝴䝙䝑䝖(CT-B)䜢⏝䛔䛶ᰁⰍ䛧
ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾䛷ほᐹ䛧䛯䚹 
୕ḟඖⓗ䛿⏕≀ヨᩱ䛾⾲㠃ཬ䜃ෆ㒊䛾⺯ග⏬ീ䜢㩭᫂䛻ほᐹ䛩䜛஦䛜ྍ⬟䛷䛒
䜛ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾(Confocal Laser Scanning Microscopy : CLSM)䛿䚸⣽⬊䛺䛹
䛾ほᐹ䛛䜙ᅛᐃヨᩱ䛾ほᐹ䜎䛷ᖜᗈ䛟฼⏝䛥䜜䛶䛔䜛 112)䚹䝺䞊䝄䞊Ⓨ᣺ჾ䛛䜙Ⓨ䛫
䜙䜜䛯䝺䞊䝄䞊ග䛿䚸䝇䜻䝱䝘䞊䜢௓䛧䛶䝢䞁䝩䞊䝹≧䛻䛺䜚䚸ヨᩱሙ䜢㉮ᰝ䛩䜛䚹䝺
䞊䝄䞊ග䛷ບ㉳䛥䜜䛯⺯ග䛿䝇䜻䝱䝘䞊䛛䜙ཷගჾ䜈䛸ᒆ䛟䚹䛣䛾ཷගჾ䛜ཷ䛡䛯⺯
ග᝟ሗ䛿䚸⏬ീ᝟ሗ䛻ኚ᥮䛥䜜᭱⤊ⓗ䛻䝰䝙䝍䞊䜈䛸⾲♧䛥䜜䜛 113)䚹 
⣽⬊⭷ୖ䛷⾜䜟䜜䜛᝟ሗఏ㐩䛿䚸䝎䜲䝘䝭䝑䜽䛻ไᚚ䛥䜜䛶䛚䜚䚸⣽⬊⭷䛾ᙧែ䜔
⣽⬊㦵᱁䛾ኚ໬䛺䛹䜢ほᐹ䛩䜛஦䛷䜰䝫䝖䞊䝅䝇䛺䛹䛾ືែ䜢▱䜛䛣䛸䛜ฟ᮶䜛䚹
1960 ᖺ௦䛻ୗᮧ䛻䜘䛳䛶⺯ග䝍䞁䝟䜽㉁䛷䛒䜛 Aequorea victoria green fluorescent 
protein(GFP)Ⓨぢ䛥䜜䛶௨᮶䚸ḟ䚻䛸ኳ↛⏤᮶䛾⺯ග䝍䞁䝟䜽䛜༢㞳䛥䜜䛶䛔䜛 114-
117)䚹䛣䛾⺯ග䝍䞁䝟䜽䜢ᢠయ䛺䛹䛻⤖ྜ䛥䛫䜛䛣䛸䛷䚸⣽⬊ෆ䛾䝅䜾䝘䝹ఏ㐩䜔䝍䞁䝟
䜽㉁䛾ᒁᅾ䛾ゎ᫂䛻ከ䛟⏝䛔䜙䜜䛶䛔䜛䚹 
CT-B䛿䚸ẘᛶ䛜䛺䛟⣽⬊⭷⬡㉁䝷䝣䝖ୖ䛻ከ䛟Ꮡᅾ䛩䜛⢾⬡㉁䜺䞁䜾䝸䜸䝅䝗(GM1)
䛻≉␗ⓗ䛻⤖ྜ䛩䜛஦䛛䜙䚸GM1 䛾⣽⬊ෆศᕸ䜔ືែ䜢ほᐹ䛩䜛㝿䛻୍⯡ⓗ䛻⏝
䛔䜙䜜䜛 118, 121)䚹 
 
CT-B ᰁⰍ䜢⏝䛔䛯⬡㉁䝷䝣䝖䛾ほᐹ䛿䚸1.0×105 cells/ml 䛻ㄪᩚ䛧䛯⣽⬊ᠱ⃮ᾮ䜢
100 mm dish䛻᧛✀䠄10 ml/ dish䠅䛧ྛヨᩱ䜢ῧຍ䛧 10min ᇵ㣴䛧䛯䚹ᇵ㣴⤊஢ᚋ䚸⣽
⬊䜢ᅇ཰䛧 3000 rpm, 3 min 䛾᮲௳䛷㐲ᚰศ㞳䜢⾜䛔䚸ୖ⃈䜏䜢㝖ཤ䛧䛯䚹䛭䛾ᚋ䚸
Blocking Buffer(1% BSA / PBS)䛷䝤䝻䝑䜻䞁䜾䜢⾜䛔䚸PBS(-)䛷Ὑί䛧䛯䚹Ὑίᚋ䚸
CT-B ⁐ᾮ(10μg/ml)䛷ᠱ⃮䛧ị୰䛷 30 ศ㛫ᰁⰍ䛧䛯䚹ᰁⰍ⤊஢ᚋ䚸PBS(-)䛷Ὑί䛧䚸
35 mm D-lysine Coated Glass Bottom Dish (MatTek)䛻᧛✀䛧ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾
䛷ほᐹ䛧䛯䚹 
ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾䛿ບ㉳ග 488 nm䛾 Ar 䝺䞊䝄䞊䜢⏝䛔䚸510~570 nm 䛾㉥
Ⰽ⺯ග䜢᳨ฟ䛧䛯䚹 
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3-2-13. 䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ⓑ⾑⑓⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛻ᑐ䛩䜛
἞⒪ᐇ㦂 
 
BALB/c-R/J 㞤ᛶ䝬䜴䝇䜢ᒙู↓సⅭ໬ἲ䛻䛶㒆ศ䛡䜢⾜䛳䛯䚹䝬䜴䝇䛾ᚋ⫼㒊
䛻䚸䝬䝖䝸䝀䝹䠄BD Bioscience䠅䛻ᠱ⃮䛧䛯MOLT-4⣽⬊䠄5.0㽢106 cells/body, 0.05ml䠅
䜢⓶ୗ⛣᳜䛧䛯䚹⛣᳜ᚋ 8᪥┠䛛䜙䝃䞁䝥䝹䠄5 ml/kg䠅䜢 1᪥ 1ᅇ⭘⒆㏆ഐ䛾⓶ୗ
䛻 14᪥㛫ᢞ୚䛧䛯 Table 3-2-1䚹⛣᳜ 22᪥┠䛻㯞㓉ୗ䛻䛶⭘⒆⤌⧊䛾᦬ฟ䜢⾜䛳
䛯䚹᦬ฟ䛧䛯⭘⒆㔜㔞䛻䛶἞⒪ຠᯝ䛾ホ౯䜢⾜䛳䛯䚹 
 
 
Table 3-2-1 Dose of DMtre. 
⩌ Sample Dose (mg/kg) 
DMPC TreC14 
1 Control (5% glucose)   
2 DMPC 3.4  
3 DMTre (30mol%DMPC/70mol% TreC14) 3.4 7.5 
 
 
3-2-14.  TUNELᰁⰍ䛻䜘䜛䜰䝫䝖䞊䝅䝇䛾᳨ฟ 
 
3-2-13䛻䛶᦬ฟ䛧䛯⭘⒆䜢⏕⌮㣗ሷỈ䠄኱ሯ〇⸆ᰴᘧ఍♫䠅䛻䛶Ὑί䛧䚸10%୰ᛶ
⦆⾪䝩䝹䝬䝸䞁⁐ᾮ䠄Wako䠅䛻䛶ᅛᐃ䛧䛯䚹᦬ฟ䛧䛯⭘⒆䛿䝞䜲䜸⑓⌮◊✲ᡤ䛻䛶
TUNELᰁⰍ⤌⧊ษ∦䜢స〇䛧䛯䚹⤌⧊䛾ほᐹ䛿䚸䝕䝆䝍䝹㢧ᚤ㙾䜹䝯䝷䝦䝑䝗䠄DS-
Fi1, Nikon䠅䜢⿦╔䛧䛯ᇵ㣴ಽ❧㢧ᚤ㙾䠄TS100, Nikon䠅䜢䝕䝆䝍䝹䜲䝯䞊䝆䞁䜾䝁䞁䝖
䝻䞊䝷䠄DS-L2, Nikon䠅䛻䛶᧯స䛧⾜䛳䛯䚹 
 
TUNELἲ(TbT-mediated dUTP nick end labeling)121-123) 䜢⏝䛔䛯⤌⧊ษ∦䛾స〇
䛿䚸䝟䝷䝣䜱䞁ໟᇙ䛧䛯⭘⒆䜢ⷧษ䛧⵨␃Ỉ䛚䜘䜃PBS(-)䛻䛶Ὑί䛧䛯䚹䝥䝻䝔䜰䞊䝊
ฎ⌮䜢⾜䛔㐣㓟໬Ỉ⣲Ỉ䛻䛶ෆᅉᛶ䝨䝹䜸䜻䝅䝍䞊䝊㝖ཤ䛧䚸PBS(-)䛻䛶Ὑί䛧䛯䚹
Equilibration buffer䚸 working strength TdT enzyme䜢ῧຍ䛧䚸‵₶⟽䛻䛶䜲䞁䜻䝳䝧
䞊䝖䠄37䉝, 1hour䠅䛧䛯䚹䜲䞁䜻䝳䝧䞊䝖ᚋ䛻ษ∦䜢Working strength stop/wash 䛻ධ䜜䚸
ᐊ 䛻䛶䜲䞁䜻䝳䝧䞊䝖䛧䛯䚹䛭䛾ᚋ䚸PBS(-)䛻䛶Ὑί䛧䚸䝆䝂䜻䝅䝀䝙䞁ᢠయ䜢⭘⒆
ษ∦⾲㠃䛻ຍ䛘䚸‵₶⟽ෆ䛻䛶䜲䞁䜻䝳䝧䞊䝖䛧䛯䚹෌ᗘ PBS(-)䛻䛶Ὑί䜢⾜䛔䚸3, 
3’-Diaminobenzin (DAB)䜢ຍ䛘ᰁⰍ䛧䛯䚹᭱ᚋ䛻䚸䝯䝏䝹䜾䝸䞊䞁䜢⏝䛔䛶᰾ᰁⰍ䜢
⾜䛳䛯䚹  
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3-3.  ⤖ᯝ䛸⪃ᐹ 
 
3-3-1.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ⓑ⾑⑓⣽⬊䛻ᑐ䛩䜛ไ䛜䜣ຠᯝ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖ᛴᛶ䝸䞁䝟ⱆ⌫ᛶⓑ⾑⑓䠄MOLT-4䠅⣽⬊䛻ᑐ
䛩䜛ไ䛜䜣ຠᯝ䜢㓝⣲άᛶ ᐃἲ䛷䛒䜛WST-8 assay䛻䛶 ᐃ䛧䛯䚹 
 
DMTre䛾MOLT-4⣽⬊䛻ᑐ䛩䜛ቑṪᢚไຠᯝ䛾᳨ウ⤖ᯝ䜢 Fig.3-3-1~Fig.3-3-3
ཬ䜃 Table 3-3-1䛻♧䛩䚹DMTreཬ䜃 DMPC䛿MOLT-4⣽⬊䛾⏕Ꮡ⋡䜢⃰ᗘ౫Ꮡ
ⓗ䛻ῶᑡ䛥䛫䛯䚹䜎䛯䚸DMPC 䛾 IC50್䛜 136.4 μM䛷䛒䜛䛾䛻ᑐ䛧 DMTre䛿 1/2
௨ୗ䛷䛒䜛 40.9 μM䛷䛒䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
௨ୖ䛾⤖ᯝ䛛䜙䚸DMTre䛿MOLT-4⣽⬊䛻ᑐ䛩䜛㢧ⴭ䛺ቑṪᢚไຠᯝ䛜᫂䜙䛛䛸
䛺䛳䛯䚹 
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Fig. 3-3-1 Inhibitory effects of DMTre on the growth of MOLT-4 cells. 
Data represent the mean ± S.E. 
[DMPC] = 0 ~ 1.0×10-4M,   [TreC14] = 0 ~ 2.33×10-4M 
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Fig. 3-3-2 Inhibitory effects of DMPC on the growth of MOLT-4 cells. 
Data represent the mean ± S.E. 
[DMPC] = 0 ~ 1.0×10-3M, 
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Fig. 3-3-3 Inhibitory concentration (IC50) of DMTre and DMPC on the growth of 
MOLT-4 cells. 
Data represent the mean ± S.E. (n = 4) 
Incubation time : 48 h. 
*p < 0.05 (DMPC) 
 
 
 
 
Table 3-3-1 IC50 vales of DMTre and DMPC on the growth of MOLT-4 cells. 
 IC50 (μM) 
DMTre 40.4 ± 7.1 
DMPC 136.4 ± 19.7 
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3-3-2.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ⓑ⾑⑓⣽⬊䛻ᑐ䛩䜛䜰䝫䝖䞊䝅䝇ㄏᑟ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖ᛴᛶ䝸䞁䝟ⱆ⌫ᛶⓑ⾑⑓䠄MOLT-4䠅⣽⬊䛻ᑐ
䛩䜛䜰䝫䝖䞊䝅䝇ㄏᑟ䜢 PI assay䛻䛶 ᐃ䛧䛯䚹 
 
DMTre䛾MOLT-4⣽⬊䛻ᑐ䛩䜛 DNA᩿∦໬⋡䛾 ᐃ⤖ᯝ䜢 Fig.3-3-4䛻♧䛩䚹
DMTre䛿⃰ᗘ౫Ꮡⓗ䛻MOLT-4⣽⬊䛾 DNA䜢᩿∦໬䛥䛫䛯䚹䜎䛯䚸DMTre 100 
μM䛻䛚䛔䛶䛿䚸⣙ 90 %䛾㧗䛔 DNA䜢᩿∦໬䛜ᚓ䜙䜜䛯䚹 
 
௨ୖ䛾⤖ᯝ䛛䜙䚸DMTre䛿MOLT-4⣽⬊䛾 DNA䜢᩿∦໬䛧䚸䜰䝫䝖䞊䝅䝇䜢ㄏᑟ
䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
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Fig. 3-3-4 Apoptotic DNA rate of MOLT-4 cells treated with DMTre and DMPC. 
Data represent the mean ± S.E. (n = 6) 
Incubation time : 48 h. 
*p < 0.05 (Control) 
 [DMPC] = 0 ~ 1.0×10-4M,   [TreC14] = 0 ~ 2.33×10-4M 
 
  
0
20
40
60
80
100
120
0 20 40 60 80 100
A
po
pt
ot
ic
 D
N
A
 r
at
e 
(%
)
DMTre, [DMPC] (μM)
37 
 
3-3-3.  䜰䝫䝖䞊䝅䝇ㄏᑟ䛻䛚䛡䜛䝅䜾䝘䝹ఏ㐩 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖ᛴᛶ䝸䞁䝟ⱆ⌫ᛶⓑ⾑⑓䠄MOLT-4䠅⣽⬊䛻ᑐ
䛩䜛䜰䝫䝖䞊䝅䝇ㄏᑟ⤒㊰䛻䛴䛔䛶䚸䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊䛻䛶䜹䝇䝨䞊䝇άᛶ໬ཬ䜃
䝭䝖䝁䞁䝗䝸䜰⭷㟁఩䜢 ᐃ䛩䜛䛣䛸䛻䜘䜚ゎ᫂䛧䛯䚹 
 
DMTre䛾MOLT-4⣽⬊䛻ᑐ䛩䜛䜹䝇䝨䞊䝇άᛶ໬⋡䛾 ᐃ⤖ᯝ䜢 Fig.3-3-5䛻♧
䛩䚹ᅗ䛛䜙᫂䜙䛛䛺䜘䛖䛻 DMTre䛷ฎ⌮䛧䛯MOLT-4⣽⬊䛿䚸Controlཬ䜃 DMPC
ฎ⌮䛧䛯MOLT-4⣽⬊䛻ẚ䜉䚸䜹䝇䝨䞊䝇-3, -8, -9䛾άᛶ䛜⣙ 70 ~ 80 %䛸㢧ⴭ䛻
㧗䛔䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
DMTre䛾MOLT-4⣽⬊䛻ᑐ䛩䜛䜰䝫䝖䞊䝅䝇ㄏᑟ䛻䛚䛡䜛䝭䝖䝁䞁䝗䝸䜰䛾㛵୚䛾᳨
ウ⤖ᯝ䜢 Fig.3-3-6䛻♧䛩䚹ᅗ䛛䜙᫂䜙䛛䛺䜘䛖䛻 DMTre䜢ฎ⌮䛧䛯MOLT-4⣽⬊䛾
䝭䝖䝁䞁䝗䝸䜰⭷㟁఩䛿䚸Controlཬ䜃 DMPC 䜢ฎ⌮䛧䛯MOLT-4⣽⬊䛸ẚ䜉᭷ព䛻
పୗ䛧䛶䛔䜛䛣䛸䛜♧䛥䜜䛯䚹 
 
௨ୖ䛾⤖ᯝ䛛䜙䚸DMTre䛾MOLT-4⣽⬊䛾䜰䝫䝖䞊䝅䝇ㄏᑟ䛻䛚䛔䛶䚸䜹䝇䝨䞊䝇
䛾άᛶ໬䛸䝭䝖䝁䞁䝗䝸䜰䜢௓䛧䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
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Fig. 3-3-5 Activation of caspase in MOLT-4 cells after the treated with DMTre. 
Data represent the mean ± S.E. (n = 5) 
Incubation time : 24 h. 
*p < 0.05 (Control, DMPC) 
[DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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Fig. 3-3-6 Mitochondrial transmembrane potential (ԥΨm) disruption of mitochondria 
membrane for MOLT-4 cells treated with DMTre. 
Data represent the mean ± S.E. (n = 5) 
Incubation time : 24 h. 
*p < 0.05 (Control, DMPC) 
 [DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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3-3-4.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ⓑ⾑⑓⣽⬊⭷䜈䛾ᙳ㡪 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖ᛴᛶ䝸䞁䝟ⱆ⌫ᛶⓑ⾑⑓䠄MOLT-4䠅⣽⬊䛻ᑐ
䛩䜛䜰䝫䝖䞊䝅䝇ㄏᑟ䛻䛚䛡䜛 DMTre䛾⣽⬊⭷䛻୚䛘䜛ᙳ㡪䛻䛴䛔䛶䚸䝸䝫䝋䞊䝮䛾
⣽⬊⭷䜈䛾⼥ྜ䞉⵳✚䚸⣽⬊⭷ὶືᛶ䜈䛾ᙳ㡪ཬ䜃⬡㉁䝷䝣䝖䛾䜽䝷䝇䝍䞊ᙧᡂ䛻䛴
䛔䛶᳨ウ䛧䛯䚹 
 
⺯ග⬡㉁ྵ᭷ DMTre䛾MOLT-4⣽⬊⭷䜈䛾⼥ྜ䞉⵳✚䛾᳨ウ⤖ᯝ䜢 Fig. 3-3-7
䛻♧䛩䚹ᅗ䛛䜙᫂䜙䛛䛺䜘䛖䛻䚸⺯ග⬡㉁ྵ᭷ DMTre䛷ฎ⌮䛧䛯MOLT-4⣽⬊䛾⺯
ගᙉᗘ䛜 Controlཬ䜃⺯ග⬡㉁ྵ᭷ DMPC䛷ฎ⌮䛧䛯MOLT-4⣽⬊䛻ẚ䜉㢧ⴭ䛻
ቑຍ䛧䛶䛔䜛஦䛜᫂䜙䛛䛻䛺䛳䛯䚹 
DMTre䛾⣽⬊⭷ὶືᛶ䜈䛾ᙳ㡪䛾᳨ウ⤖ᯝ䜢 Fig. 3-3-8䛻♧䛩䚹ᅗ䛛䜙᫂䜙䛛䛺
䜘䛖䛻䚸DMTre䜢ῧຍ䛧䛯MOLT-4⣽⬊⭷䛷䛿䚸Control䛻ẚ䜉೫ගᗘ(P)䛜పୗ䛧
䛯䛣䛸䛛䜙䚸DMTre䛿MOLT-4⣽⬊⭷䛾ὶືᛶ䜢ቑ኱䛥䛫䜛஦䛜᫂䜙䛛䛸䛺䛳䛯䚹 
DMTre䛾MOLT-4⣽⬊⭷⬡㉁䝷䝣䝖䛾䜽䝷䝇䝍䞊ᙧᡂ䜢ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾䛻
䛶ほᐹ䛧䛯䚹⤖ᯝ䜢 Fig. 3-3-9䛻♧䛩䚹෗┿䛛䜙᫂䜙䛛䛺䜘䛖䛻䚸Controlཬ䜃 DMPC
ฎ⌮䛧䛯MOLT-4⣽⬊⭷䛷䛿䚸ᆒ୍䛺⭷ᵓ㐀䜢䛸䛳䛶䛔䜛䛾䛻ᑐ䛧䛶䚸DMTre䜢ฎ
⌮䛧䛯MOLT-4⣽⬊䛷䛿䚸⬡㉁䝷䝣䝖䛾䜽䝷䝇䝍䞊ᙧᡂ䛜ほᐹ䛥䜜䛯䚹 
 
䛣䜜䜙䛾⤖ᯝ䛛䜙䚸DMTre䛿MOLT-4⣽⬊䛾⣽⬊⭷䛻⼥ྜ䞉⵳✚䛧䚸⭷ὶືᛶ䜢ቑ
኱䛥䛫䚸⬡㉁䝷䝣䝖䛾䜽䝷䝇䝍䞊ᙧᡂ䜢ㄏᑟ䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
  
41 
 
 
 
 
 
 
 
 
Fig. 3-3-7 Fusion and accumulation of DMTre/NBDPC for the MOLT-4 cells. 
Data represent the mean ± S.E. (n = 6) 
*p < 0.05 (Control, DMPC) 
Incubation time : 10 min. 
[DMPC] = 0.9×10-4 M,  [TreC14] =2.33×10-4 M,  [NBDPC] = 0.1×10-4 M 
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Fig. 3-3-8 Increase in membrane fluidity of MOLT-4 cells after the treatment with 
DMTre. 
*p < 0.05 (Control, DMPC) (n = 7) 
 Incubation time : 10 min. 
[DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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Fig. 3-3-9 Fluorescence micrographs of clustering formation on lipid rafts in MOLT-4 
cell membranes after the treatment with DMTre. 
Reaction time : 10min, ְ : Clustering point. 
Scale bar : 10 μm 
[DMPC]=1.0×10-4 M, [TreC14]=2.33×10-4 M. 
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3-3-5.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ⓑ⾑⑓⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛻ᑐ䛩䜛
἞⒪ຠᯝ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾 in vivo䛷䛾἞⒪ຠᯝཬ䜃䜰䝫䝖䞊䝅䝇ㄏᑟ䜢ⓑ⾑⑓⣽⬊
⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛻䛶᳨ウ䛧䛯䚹 
 
᦬ฟ䛧䛯⭘⒆෗┿䜢 Fig. 3-3-10䛻♧䛩䚹෗┿䛛䜙᫂䜙䛛䛺䜘䛖䛻 DMTreᢞ୚⩌䛾
⭘⒆䛿 Control⩌䛸 DMPCᢞ୚⩌䛾⭘⒆䛸ẚ䜉⦰ᑠ䛧䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹
᦬ฟ䛧䛯⭘⒆䛾㔜㔞䛾 ᐃ⤖ᯝ䜢 Fig. 3-3-11䛻♧䛩䚹Control⩌ཬ䜃 DMPCᢞ୚
⩌䛻䛚䛔䛶⭘⒆㔜㔞䛾኱䛝䛺ᕪ␗䛿ぢ䜙䜜䛺䛛䛳䛯䛾䛻ᑐ䛧䚸DMTreᢞ୚⩌䛾⭘⒆
㔜㔞䛿㢧ⴭ䠄p < 0.05䠅䛻ῶᑡ䛧䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
᦬ฟ䛧䛯⭘⒆䜢䝟䝷䝣䜱䞁ໟᇙ䛧䚸ⷧษ䛧䛯ษ∦䜢 TUNELᰁⰍ䛧ගᏛ㢧ᚤ㙾䛻䛶
ほᐹ䛧䛯⏬ീ䜢 Fig 3-3-12䛻♧䛩䚹෗┿䛛䜙᫂䜙䛛䛺䜘䛖䛻䚸Control⩌ཬ䜃 DMPC
ᢞ୚⩌䛷䛿〓Ⰽ䛾 TUNEL㝧ᛶ⣽⬊䛜☜ㄆ䛥䜜䛺䛛䛳䛯䛾䛻ᑐ䛧䚸DMTreᢞ୚⩌䛷
䛿ከᩘ䛾 TUNEL㝧ᛶ⣽⬊䛜ほᐹ䛥䜜䛯䚹 
௨ୖ䛾⤖ᯝ䛛䜙䚸DMTre䛾ⓑ⾑⑓⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛻ᑐ䛩䜛㢧ⴭ䛺἞⒪
ຠᯝ䛚䜘䜃 in vivo䛷䛾䜰䝫䝖䞊䝅䝇ㄏᑟ䛜᫂䜙䛛䛸䛺䛳䛯䚹 
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Fig. 3-3-9 Photographs of tumor in xenograft mouse models of ALL treated with DMTre 
after the inoculation of MOLT-4 cells. 
Scale bar : 0.5 mm 
[DMPC] = 1.0×10-3 M,    [TreC14] = 2.33×10-3 M 
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Fig. 3-3-10 Therapeutic effects of DMTre for xenograft mouse models of ALL after the 
inoculation of MOLT-4 cells. 
Data represent the mean ± S.E. (n = 3 ~ 6) 
*p < 0.05 (Control, DMPC) 
 [DMPC] = 1.0×10-3 M,    [TreC14] = 2.33×10-3 M 
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Fig. 3-3-11 Induction of apoptosis in the tissue section of tumor of xenograft mouse 
models of ALL treated with DMTre. 
Scale bar : 50 μm,  Arrows and yellow : apoptotic cells 
[DMPC] = 1.0×10-3 M,    [TreC14] = 2.33×10-3 M 
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3-4.  ⥲ᣓ 
ᮏ❶䛷䛿䚸⢾⣔⏺㠃άᛶ๣䜢⏝䛔䛯䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖ᛴᛶ䝸䞁
䝟ⱆ⌫ᛶⓑ⾑⑓䠄MOLT-4䠅⣽⬊䛻ᑐ䛩䜛 in vitro䛚䜘䜃 in vivo䛷䛾ไ䛜䜣ຠᯝ䛻
䛴䛔䛶᳨ウ䛧䛯䛸䛣䜝䚸௨ୗ䛾ᵝ䛺⯆࿡῝䛔▱ぢ䛜ᚓ䜙䜜䛯䚹 
 
 
1.  DMTre䛿MOLT-4⣽⬊䛾⏕Ꮡ⋡䜢⃰ᗘ౫Ꮡⓗ䛻ῶᑡ䛥䛫䛯䚹䜎䛯䚸DMPC 䛾
IC50್䛜 136.4 μM䛷䛒䜛䛾䛻ᑐ䛧 DMTre䛿 1/2௨ୗ䛷䛒䜛 40.9 μM䛷䛒䜛䛣䛸
䛜᫂䜙䛛䛸䛺䛳䛯䚹 
 
2.  DMTre䛿⃰ᗘ౫Ꮡⓗ䛻MOLT-4⣽⬊䛾 DNA䜢᩿∦໬䛥䛫䛯䚹䜎䛯䚸DMTre 
100 μM䛻䛚䛔䛶䛿䚸⣙ 90 %䛾㧗䛔 DNA䜢᩿∦໬䛜ᚓ䜙䜜䛯䚹 
 
3.  DMTre䛷ฎ⌮䛧䛯MOLT-4⣽⬊䛿䚸Controlཬ䜃 DMPCฎ⌮䛧䛯MOLT-4⣽
⬊䛻ẚ䜉䚸䜹䝇䝨䞊䝇-3, -8, -9䛾άᛶ䛜⣙ 70 ~ 80 %䛸㢧ⴭ䛻㧗䛔䛣䛸䛜᫂䜙䛛䛸
䛺䛳䛯䚹 
 
4.  DMTre䜢ฎ⌮䛧䛯MOLT-4⣽⬊䛾䝭䝖䝁䞁䝗䝸䜰⭷㟁఩䛿䚸Controlཬ䜃 DMPC
䜢ฎ⌮䛧䛯MOLT-4⣽⬊䛸ẚ䜉᭷ព䛻పୗ䛧䛶䛔䜛䛣䛸䛜♧䛥䜜䛯䚹 
 
5. ⺯ග⬡㉁ྵ᭷ DMTre䛷ฎ⌮䛧䛯MOLT-4⣽⬊䛾⺯ගᙉᗘ䛜 Controlཬ䜃⺯ග
⬡㉁ྵ᭷ DMPC䛷ฎ⌮䛧䛯MOLT-4⣽⬊䛻ẚ䜉㢧ⴭ䛻ቑຍ䛧䛶䛔䜛஦䛜᫂䜙
䛛䛻䛺䛳䛯䚹䜎䛯䚸DMTre䜢ῧຍ䛧䛯MOLT-4⣽⬊⭷䛷䛿䚸Control䛻ẚ䜉೫ග
ᗘ(P)䛜పୗ䛧䛯䛣䛸䛛䜙䚸DMTre䛿MOLT-4⣽⬊⭷䛾ὶືᛶ䜢ቑ኱䛥䛫䜛஦䛜
᫂䜙䛛䛸䛺䛳䛯䚹䛥䜙䛻䚸MOLT-4⣽⬊⭷⬡㉁䝷䝣䝖䛾ほᐹ䛛䜙 Controlཬ䜃
DMPCฎ⌮䛧䛯MOLT-4⣽⬊⭷䛷䛿䚸ᆒ୍䛺⭷ᵓ㐀䜢䛸䛳䛶䛔䜛䛾䛻ᑐ䛧䛶䚸
DMTre䜢ฎ⌮䛧䛯MOLT-4⣽⬊䛷䛿䚸⬡㉁䝷䝣䝖䛾䜽䝷䝇䝍䞊ᙧᡂ䛜ほᐹ䛥䜜
䛯䚹 
 
6.  DMTre䛿ⓑ⾑⑓⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛾⭘⒆䜢ῶᑡ䛥䛫䛯䚹䜎䛯䚸
TUNELᰁⰍ䛾⤖ᯝ䛛䜙䚸DMTre䛾 in vivo䛷䛾䜰䝫䝖䞊䝅䝇ㄏᑟ䜢☜ㄆ䛧䛯䚹 
 
௨ୖ䛾⤖ᯝ䛛䜙䚸DMTre䛾䝠䝖ᛴᛶ䝸䞁䝟ⱆ⌫ᛶⓑ⾑⑓䠄MOLT-4䠅⣽⬊䛻ᑐ䛩䜛 in 
vitroཬ䜃 in vivo䛷䛾ඃ䜜䛯἞⒪ຠᯝ䛜᫂䜙䛛䛸䛺䛳䛯䚹䜎䛯䚸DMTre䛿MOLT-4
⣽⬊䛻ᑐ䛧䛶䜰䝫䝖䞊䝅䝇䜢ㄏᑟ䛩䜛㝿䛻䜹䝇䝨䞊䝇-3, -8, -9ཬ䜃䝭䝖䝁䞁䝗䝸䜰䜢௓
䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹䛥䜙䛻䚸DMTreC14 70mol%䛿䚸MOLT-4⣽⬊⭷䛻⼥ྜ䞉⵳
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✚䛧䚸⣽⬊⭷ὶືᛶ䜢ቑຍ䛥䛫䚸⣽⬊⭷⬡㉁䝷䝣䝖䛾䜽䝷䝇䝍䞊ᙧᡂ䜢ㄏᑟ䛩䜛䛣䛸䛜
ึ䜑䛶᫂䜙䛛䛸䛺䛳䛯䚹 
DMTre䛿 in vivo 䛷䛾἞⒪ຠᯝ䛚䜘䜃䜰䝫䝖䞊䝅䝇ㄏᑟ䛜☜ㄆ䛥䜜䚸᪂䛧䛔ⓑ⾑⑓
἞⒪⸆䛸䛧䛶ᮇᚅ䛜䛷䛝䜛䚹 
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➨ 4 ❶  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⫵䛜䜣䛻ᑐ䛩䜛 in vitro 䛚䜘䜃 in vivo 
䛷䛾἞⒪ຠᯝ 
4-1.  ᗎ 
 
䝠䝖䛾⣽⬊䛿䚸㏻ᖖ⢾㢮䜢ゎ⢾⣔䜔䝭䝖䝁䞁䝗䝸䜰ෆ䛷⾜䜟䜜䜛 tricarboxylic acid 
cycle 䠄TCA䠅ᅇ㊰䜔㓟໬ⓗ䝸䞁㓟໬䛻䛶௦ㅰ䛧䚸䜶䝛䝹䜼䞊䛾⏕⏘䜢⾜䛖䚹䛭䛾୺䛺
᭱⤊⏕⏘≀䛜஧㓟໬Ⅳ⣲䠄CO2䠅䛷䛒䜛䚹CO2 䛿ෆ࿧྾䛻䜘䜚⣽⬊䛛䜙⾑ᾮ୰䛻ᨺฟ
䛥䜜䚸యෆ䜢ᚠ⎔䛧᭱⤊ⓗ䛻䛿⫵⬊䛻䛶㓟⣲䛸䛾䜺䝇஺᥮䛜⾜䜟䜜䛶యእ䜈᤼ฟ䛥
䜜䜛䚹ྲྀ䜚㎸䜎䜜䛯㓟⣲䛿㉥⾑⌫䛾䝦䝰䜾䝻䝡䞁䛸⤖ྜ䛧యෆ䛾⣽⬊䜈䛸㍺㏦䛥䜜䜛䚹
䛣䛾࿧྾䛻䛚䛔䛶㔜せ䛺⮚ჾ䛜⫵䛷䛒䜛䚹⫵䛿ᕥྑ㠀ᑐ⛠䛷䛒䜚ྑ⫵䛿ୖⴥ䚸୰ⴥ䚸
ୗⴥ䛾 3 ⴥ䛛䜙䛺䜚䚸ᕥ⫵䛿ᚰ⮚䛜㏆䛟䛻䛒䜛䛣䛸䛛䜙ྑ⫵䛸ẚ䜉䛶ᑠ䛥䛟ୖⴥ䚸ୗⴥ
䛛䜙ᵓᡂ䛥䜜䛶䛔䜛䚹⫵䛾ෆ㒊䛿䜺䝇஺᥮䜢⾜䛖Ⅽ䛻Ẽ㐨䛸⾑⟶䛛䜙ᵓᡂ䛥䜜䚸䛭䛾
஧䛴䛿⫵⬊ෆ䛻䛶 Iᆺ⫵⬊ୖ⓶⣽⬊䛸ᇶᗏ⭷䛻䛶᥋╔䛧䛶䛔䜛䚹⫵⬊䛾ᩘ䛿⣙ 3൨
ಶ䛸ゝ䜟䜜䚸䛭䛾⾲㠃✚䛿 70 m2䛷䛒䜛 124)䚹䛣䛾⫵⬊䛜ఱ䜙䛛䛾ཎᅉ䛷ᶵ⬟䛧䛺䛟䛺
䜚䜺䝇஺᥮䛜㜼ᐖ䛥䜜䛯ሙྜ㔜ᗘ䛾࿧྾㞀ᐖ䜔࿧྾୙඲䛜ᘬ䛝㉳䛣䛥䜜䜛䚹 
᭱䜒⮴Ṛᛶ䛾㧗䛔䛜䜣䛸ゝ䜟䜜䛶䛔䜛⫵䛜䜣䛿䚸ᡃ䛜ᅜ䛾 2016 ᖺ䛾䛜䜣Ṛஸ⪅ᩘ
䛻䛶➨୍఩䛷䛒䜛 2)䚹䛭䛾⌮⏤䛾୍䛴䛻ึᮇ⑕≧䛜䛺䛔䛣䛸䛛䜙㔜⑕໬䛧䛶Ⓨぢ䛥䜜
䜛䛯䜑䚸ຠᯝⓗ䛺἞⒪䛜䛷䛝䛺䛔䛣䛸䛜ᣲ䛢䜙䜜䜛䚹⫵䛜䜣䛿୺䛻ᑠ⣽⬊ᛶ⫵䛜䜣䛸
㠀ᑠ⣽⬊ᛶ⫵䛜䜣䛻ศ䛡䜙䜜䜛䚹ᑠ⣽⬊ᛶ⫵䛜䜣䛿ቑṪ䛜㏿䛟䚸㌿⛣䜒䛧䜔䛩䛔䛜䚸
໬Ꮫ⒪ἲ䜔ᨺᑕ⥺⒪ἲ䛾ឤཷᛶ䛜㧗䛔䚹୍᪉䚸㠀ᑠ⣽⬊ᛶ⫵䛜䜣䛿ᨺᑕ⥺⒪ἲ䜔
໬Ꮫ⒪ἲ䛻᢬ᢠᛶ䜢♧䛩䛣䛸䛜▱䜙䜜䛶䛔䜛 125)䚹ึᮇ䛾⫵䛜䜣䛾἞⒪䛿እ⛉ⓗ⒪ἲ
䛻䛶⑓ᕢ䜢ษ㝖䛧໬Ꮫ⒪ἲ䜔ᨺᑕ⥺⒪ἲ䜢⏝䛔䛶᰿἞䛥䛫䜛䚹䛧䛛䛧䚸Ⓨぢ䛜㐜䜜
⫵䛜䜣䛜㐍⾜䛧䛶䛔䛯ሙྜ䚸እ⛉ⓗ⒪ἲ䛿ᝈ⪅䛾 QOL(Quality of life)䜢኱䛝䛟పୗ
䛥䛫䜛䛯䜑ᩗ㐲䛥䜜䜛䚹䛭䛾Ⅽ䚸໬Ꮫ⒪ἲ䛜୺䛻⏝䛔䜙䜜䜛䚹୍⯡ⓗ䛻 DNA䜢ᯫᶫ䛧
」〇䜢㜼ᐖ䛩䜛䝅䝇䝥䝷䝏䞁䜔䜹䝹䝪䝥䝷䝏䞁➼䛾ⓑ㔠〇๣䜢㉳Ⅼ䛻ᚤᑠ⟶䛻⤖ྜ
䛧᭷⣒ศ⿣䜢㜼ᐖ䛩䜛䝗䝉䝍䜻䝉䝹䚸䝡䝜䝺䝹䝡䞁䚸䝟䜽䝸䝍䜻䝉䝹䛾௚䚸DNA ྜᡂ䛻
ᚲせ䛺௦ㅰ≀䛸ᣕᢠ䛧䛶㓝⣲཯ᛂ䜢㜼ᐖ䛩䜛䝀䝮䝅䝍䝡䞁䚸䝨䝯䝖䝺䜻䝉䝗䛺䛹䛾௦ㅰ
ᣕᢠ๣䚸DNA 䛾」〇䜢㜼ᐖ䛩䜛䜲䝸䝜䝔䜹䞁䚸䝬䜲䝖䝬䜲䝅䞁䛺䛹䛾ᢠ⏕≀㉁䜢⏝䛔䜛
஧๣ే⏝໬Ꮫ⒪ἲ䛜᥎ዡ䛥䜜䛶䛔䜛䚹䛧䛛䛧䚸䛣䜜䜙䛾ᢠ䛜䜣๣䛿䚸䛜䜣⣽⬊䛰䛡䛷
䛿䛺䛟ṇᖖ⣽⬊䛻䜒స⏝䛧㔜⠜䛺๪స⏝䜢ᘬ䛝㉳䛣䛧䛶䛔䜛䚹䜎䛯䚸ศᏊᶆⓗ἞⒪⸆
䛾ୖ⓶ᡂ㛗ᅉᏊཷᐜయ䝏䝻䝅䞁䜻䝘䞊䝊㜼ᐖ⸆䛾䝀䝣䜱䝏䝙䝤䠄䜲䝺䝑䝃䠅䞉䜶䝹䝻䝏
䝙䝤䠄䝍䝹䝉䝞䠅䛷㧗䛔ዌຌ⋡䛜ሗ࿌䛥䜜䛶䛔䜛䛜䚸㛫㉁ᛶ⫵⅖䛺䛹䛾㔜⠜䛺๪స⏝
䛜ヰ㢟䛸䛺䛳䛯䚹 
䜎䛯䚸䛜䜣἞⒪䜢㞴䛧䛟䛩䜛せ⣲䛻㌿⛣䛜䛒䜛䚹㌿⛣䛸䛿䛜䜣⣽⬊䛿ཎⓎᕢ䛛䜙⛣
ື䛧䚸䝸䞁䝟⟶䜔⾑⟶䜎䛷฿㐩䛩䜛䛣䛸䛻䜘䜚௚䛾⮚ჾ䛻䛶ቑṪ䛧䚸ྠ୍✀㢮䛾⭘⒆䜢
஧ḟⓗ䛻⏕䛨䜛䛣䛸䛷䛒䜛 126)䚹㌿⛣䛾➨୍ẁ㝵䛿䛜䜣⣽⬊䛾⣽⬊㛫᥋╔䛾ῶᑡ䜔⣽
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⬊㦵᱁䛜෌⦅ᡂ䛥䜜䜛ୖ⓶㛫ⴥ㌿᥮䠄EMT : epithelial to mesenchymal transition䠅䛜
㉳䛝䚸㐠ື⬟䜢⋓ᚓ䛩䜛 127)䚹➨஧ẁ㝵䛿ཎⓎᕢ࿘㎶䛻䛒䜛⣽⬊እ䝬䝖䝸䝑䜽䝇䠄ECM : 
extracellular matrix䠅䜔ᇶᗏ⭷䛺䛹䛾㛫㉁ᡂศ䜢◚ቯ䛩䜛ᾐ₶⬟䛾⋓ᚓ䛷䛒䜛䚹㛫㉁
ᡂศ䛾◚ቯ䛿୺䛻䝬䝖䝸䝑䜽䝇䝯䝍䝻䝥䝻䝔䜰䞊䝊䠄MMP : Matrix metalloproteinase䠅䛜
⾜䛳䛶䛔䜛䚹MMP䛿 Zn2+䜔 Ca2+䜢άᛶ୰ᚰ䛻ᣢ䛴䝍䞁䝟䜽㉁ศゎ㓝⣲䛷䛒䜚䚸25✀
㢮䛜☜ㄆ䛥䜜䛶䛔䜛䚹⭷⤖ྜᆺ MMP 䛸ศἪᆺ MMP 䛻ศ㢮䛥䜜䚸䛜䜣⣽⬊䛿䛣䜜䜙
䛾 MMP 䜢⏝䛔䛶䝁䝷䞊䝀䞁䜔䝥䝻䝔䜸䜾䝸䜹䞁䛺䛹䛾 ECM 䜢ศゎ䛧䚸䛜䜣⣽⬊䛜⛣
ື䛩䜛㝽㛫䜢స䛳䛶䛔䛟䚹᭱⤊ⓗ䛻⾑⟶䛻㎺䜚௜䛔䛯䛜䜣⣽⬊䛿⾑⟶ᇶᗏ⭷䜢ศゎ
䛧⾑୰䜈䛸㐟㞳䛩䜛䚹㐟㞳䛧䛯䛜䜣⣽⬊䛿⾑ᑠᯈ䛸⤖ྜ䛩䜛䛣䛸䛷䚸ච␿⣽⬊䛾ᨷᧁ
䜢ᅇ㑊䛧䚸㐲㝸⮚ჾෆ䛾⾑⟶䛻╔ᗋ䛩䜛 128)䚹䛭䛾ᚋ䚸䛜䜣⣽⬊䛿⾑⟶䜢⬺ฟ䛧᪂䛯
䛺㌿⛣ᕢ䜢స䜚㐍⾜䛧䛶䛔䛟䚹䛣䛾㌿⛣䞉ᾐ₶䜢㜼Ṇ䛩䜛䛣䛸䛜䛜䜣䜢἞⒪䛩䜛ୖ䛷㔜
せ䛷䛒䜛䚹 
ᮏ❶䛷䛿䚸䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖⫵⬊ᇶᗏୖ⓶⭢䛜䜣䠄A549䠅⣽⬊
䛻ᑐ䛩䜛 in vitro 䛷䛿䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⫵䛜䜣⣽⬊䛻ᑐ䛩䜛ไ䛜䜣ຠᯝ䛚䜘
䜃䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⫵䛜䜣⣽⬊䛻ᑐ䛩䜛㌿⛣䞉ᾐ₶ᢚไຠᯝ䜢᳨ウ䛧䛯䚹in 
vivo 䛷䛿⫵䛜䜣⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛚䜘䜃ྠᡤ⛣᳜䝰䝕䝹䝬䜴䝇䛻ᑐ䛩䜛
DMTre䛾ไ䛜䜣ຠᯝ䜢᳨ウ䛧䛯䚹 
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4-2.  ᐇ㦂 
4-2-1.  ヨᩱ 
 
DMPC䛚䜘䜃 TreC14䛿 2-2-1 䛸ྠᵝ䛾䜒䛾䜢౑⏝䛧䛯䚹䜎䛯䚸NBDPC䛿 3-2-1 䛸ྠ
ᵝ䛾䜒䛾䜢౑⏝䛧䛯䚹 
 
 
4-2-2.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ㄪ〇 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛿䚸2-2-2 䛸ྠᵝ䛾᪉ἲ䛻䛶ㄪ〇䛧䛯䚹 
 
4-2-3.  ⺯ග⬡㉁ྵ᭷䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ㄪ〇 
 
⺯ග⬡㉁ྵ᭷䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛿 3-2-3 䛸ྠᵝ䛾᪉ἲ䛻䛶ㄪ〇䛧䛯䚹 
 
4-2-4.  ౑⏝⣽⬊ 
 
⊂❧⾜ᨻἲே⌮໬Ꮫ◊✲ᡤ䝞䜲䜸䝸䝋䞊䝇䝉䞁䝍䞊䜘䜚㉎ධ䛧䛯䝠䝖⫵⬊ᇶᗏୖ⓶
⭢䛜䜣䠄A549䠅⣽⬊䜢⏝䛔䛯䚹ᇵ㣴ᇵᆅ䛸䛧䛶 10% FBS / DMEM 䜢౑⏝䛧䛯䚹䜎䛯䚸
ᇵ㣴䛿 37䉝䚸‵ᗘ 95䠂䚸CO2⃰ᗘ 5䠂䛾᮲௳䛷⾜䛳䛯䚹 
 
4-2-5.  ౑⏝ື≀ 
 
ື≀䛿 3-2-5 䛸ྠᵝ䛾 BALB/c-R/J䝬䜴䝇䜢⏝䛔䛯䚹 
 
4-2-6.  㓝⣲άᛶ ᐃἲ䜢⏝䛔䛯⣽⬊ቑṪᢚไヨ㦂 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾 A549⣽⬊䛻ᑐ䛩䜛ቑṪᢚไຠᯝ䛿䚸3-2-6 䛸ྠᵝ䛾WST-
8 assay䜢⏝䛔䛶ホ౯䛧䛯䚹 
96 well䝬䝹䝏䝥䝺䞊䝖䛻⣽⬊䠄2.0×104 cells/ml䠅䜢 100 μl/well䛷᧛✀䛧䚸24᫬㛫๓
ᇵ㣴䜢⾜䛳䛯䚹䛭䛾ᚋ䚸ྛヨᩱ䜢 10 μl/wellῧຍ䛧䚸䜲䞁䜻䝳䝧䞊䝖䛧䛯䠄37䉝, 5%CO2, 
‵ᗘ 95%, 48h䠅䚹48᫬㛫ᚋ䛻 Cell Counting Kit-8䜢 10 μl/wellῧຍ䛧䚸2.5᫬㛫䛾࿊
Ⰽ཯ᛂ䜢⾜䛳䛯䚹࿊Ⰽ཯ᛂᚋ䚸䝬䜲䜽䝻䝥䝺䞊䝖䝸䞊䝎䞊䠄VERSA max microplate 
reader, Molecular Devices䠅䜢⏝䛔䛶Ἴ㛗 450 nm䛾᮲௳䛷྾ගᗘ䜢 ᐃ䛧䛯䚹 
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4-2-7.  DNA᩿∦໬⋡䛾 ᐃ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾 A549⣽⬊䛻ᑐ䛩䜛䜰䝫䝖䞊䝅䝇ㄏᑟ䜢᳨ウ䛩䜛Ⅽ䛻 3-2-7
࡜ྠᵝࡢ PI assay ࢆ⏝࠸࡚ DNAࡢ᩿∦໬⋡ࡢ ᐃࢆ⾜ࡗࡓࠋ 
100 mm dish䛻⣽⬊䠄1.0×104 cells/ml䠅䜢᧛✀䠄10 ml/ dish䠅䛧䚸24᫬㛫ᇵ㣴䛧䛯䚹䛭
䛾ᚋ䚸ྛヨᩱ䜢ῧຍ䛧䚸䜲䞁䜻䝳䝧䞊䝖䛧䛯䠄37䉝, 5%CO2, ‵ᗘ 95%, 24h䠅䚹24 ᫬㛫
ᚋ䛻⣽⬊䜢ᅇ཰䛧䚸ୖ⃈䜏䜢㝖ཤ䛧䛯ᚋ䛻 0.1% Triton-X 100䜢ῧຍ䛧䛶ᾐ㏱໬ฎ⌮
䜢䛧䛯䚹ᾐ㏱໬ฎ⌮ᚋ䛻䚸RNase 䠄1 mg/ml, SIGMA䠅䛻䜘䜚⣽⬊ෆ䛾 RNA 䜢ศゎ㝖
ཤ䛧䛯䠄ᐊ , 5 min䠅䚹PBS(-)䛷෌ᠱ⃮䛧䛯䜒䛾䜢䝘䜲䝻䞁䝯䝑䝅䝳䛻㏻㐣䛥䛫䚸䝔䝇䝖䝏
䝳䞊䝤䛻ධ䜜䛯䚹PI 䜢ῧຍ䛧䛶 DNA 䜢ᰁⰍ䛧䚸䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊䠄EPICS® EX, 
Beckman Coulter䠅䜢⏝䛔䛶⣽⬊䛾 DNA ᩿∦໬⋡䜢 ᐃ䛧䛯䚹ග※䛻 Ar 䝺䞊䝄䞊
䠄488 nm, 15 mW䠅䜢౑⏝䛧䚸FL3䝉䞁䝃䞊䠄605~630 nm䠅䜢⏝䛔䛶⺯ග䜢᳨ฟ䛧䛯䚹 
 
 
4-2-8.  䜹䝇䝨䞊䝇άᛶ䛾 ᐃ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾 A549 ⣽⬊䛻ᑐ䛩䜛䜰䝫䝖䞊䝅䝇ㄏᑟ䛻䛚䛔䛶䜹䝇䝨䞊䝇
䛜㛵୚䛩䜛䛛᳨ウ䛩䜛䛯䜑䛻 3-2-8࡜ྠᵝࡢཎ⌮ࢆ⏝࠸࡚⾜ࡗࡓࠋ 
 
100 mm dish䛻⣽⬊䠄1.0×104 cells/ml䠅䜢᧛✀䠄10 ml/ dish䠅䛧䚸24᫬㛫๓ᇵ㣴䛧䛯䚹
䛭䛾ᚋ䚸ྛヨᩱ䜢ῧຍ䛧䛶䜲䞁䜻䝳䝧䞊䝖䠄37䉝, 5%CO2, ‵ᗘ 95%䠅䛧 24 ᫬㛫ᚋ䛻
⣽⬊䜢ᅇ཰䛧䛯䚹3000 rpm, 3 min䛷㐲ᚰศ㞳䛧䛶ୖ⃈䜏䜢㝖ཤᚋ䚸50 μl (1.0×10-3 M)
䛾 PhiPhi Lux (10% FBS)䜎䛯䛿 CaspaLux (10% FBS)䛷ᠱ⃮䛧䚸37䉝䝗䝷䜲䜲䞁䜻䝳䝧
䞊䝍䞊䛻䛶ᬯୗ䚸45 ศ㛫䛾᮲௳䛷ᰁⰍ䛧䛯䚹ᰁⰍᚋ䚸PBS(-)䛷Ὑί䛧䛶䝘䜲䝻䞁䝯䝑
䝅䝳䜢㏻㐣䛥䛫䛶䝔䝇䝖䝏䝳䞊䝤䛻ධ䜜䚸䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊䜢⏝䛔䛶⺯ග㔞䜢 ᐃ
䛧䛯䚹⺯ග㔞䛾 ᐃ䛿䚸ග※䛻✵෭ Ar 䝺䞊䝄䞊䠄488 nm䠅䜢ฟຊ 15 mW 䛷౑⏝䛧䚸
FL1䝉䞁䝃䞊䛻䛶୍ᐃἼ㛗ᇦ䠄505 nm ~ 545 nm䠅䛷⺯ග䜢᳨ฟ䛧䛯䚹 
 
 
4-2-9.  䝭䝖䝁䞁䝗䝸䜰⭷㟁఩䛾 ᐃ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾 A549 ⣽⬊ᑐ䛩䜛䜰䝫䝖䞊䝅䝇ㄏᑟ䛻䛚䛔䛶䝭䝖䝁䞁䝗䝸䜰䛾
㛵୚䜢᳨ウ䛩䜛䛯䜑䛻 3-2-9 ࡜ྠᵝࡢ࣑ࢺࢥࣥࢻࣜ࢔⭷㟁఩ ᐃࣉ࣮ࣟࣈࢆ⏝࠸
࡚࣑ࢺࢥࣥࢻࣜ࢔⭷㟁఩ኚ໬ࢆ ᐃࡋࡓࠋ 
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100 mm dish䛻⣽⬊䠄1.0×104 cells/ml䠅䜢᧛✀䠄10 ml/ dish䠅䛧䚸24᫬㛫๓ᇵ㣴䛧䛯䚹
䛭䛾ᚋ䚸ྛヨᩱ䜢ῧຍ䛧䛶䜲䞁䜻䝳䝧䞊䝖䠄37䉝, 5%CO2, ‵ᗘ 95%, 24h䠅䛧䛯䚹ᅇ཰
䛾 30 ศ๓䛻 DiOC6(3)䜢᭱⤊⃰ᗘ 40 nM 䛸䛺䜛䜘䛖䛻ῧຍ䛧䠄37䉝, 5%CO2, ‵ᗘ 
95%, 30 min䠅䚸30ศᚋ䛻⣽⬊䜢ᅇ཰䛧䛯䚹3000 rpm, 3 min䛷㐲ᚰศ㞳䛧䛶ୖ⃈䜏䜢
㝖ཤᚋ䚸PBS 䛻䛶෌ᠱ⃮䛧䝘䜲䝻䞁䝯䝑䝅䝳䜢㏻㐣䛥䛫䛯ᚋ䚸䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊䛻䛶
DiOC6(3)䛾⺯ග㔞䜢 ᐃ䛧䛯䚹ග※䛻䛿 488 nm 䛾✵෭ Ar 䝺䞊䝄䞊䜢ฟຊ 15 mW
䛷౑⏝䛧䚸FL1 䝉䞁䝃䞊䛻䛶୍ᐃἼ㛗ᇦ䠄505 nm ~ 545 nm䠅䛷 DiOC6(3)䛾⺯ග㔞䜢
᳨ฟ䛧䛯䚹 
 
 
4-2-10. ⺯ග⬡㉁ྵ᭷䝸䝫䝋䞊䝮䛾⣽⬊䜈⼥ྜ䡡⵳✚䛾 ᐃ 
 
⺯ග⬡㉁ྵ᭷䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾 A549⣽⬊䜈䛾⼥ྜ䞉⵳✚䜢᳨ウ䛩䜛䛯䜑䛻
ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾䛻䛶ほᐹ䛧䛯䚹⏕⣽⬊୰䛾≉ᐃศᏊ䛾⣽⬊ෆᒁᅾኚ໬䜢㏣
㊧䛩䜛ほᐹἲ䛷䛒䜛䝍䜲䝮䝷䝥䝇ἲ䜢⏝䛔䛯 129)䚹 
⁛⳦῭䜏 35mm Glass Bottom dish䛻⣽⬊䠄2.0㽢104 cells/ml䠅䜢᧛✀䠄2 ml/ dish䠅䛧
๓ᇵ㣴䛧䛯䚹๓ᇵ㣴⤊஢ᚋ䚸ྛヨᩱ䜢ῧຍ䛧䛯䚹ヨᩱῧຍᚋ䚸0, 15, 30, 45, 60, 90ศ
䛾䝍䜲䝮䝷䝥䝇ほᐹ䜢ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾䜢⏝䛔䛶⾜䛳䛯䚹ບ㉳Ἴ㛗䜢 488 nm 䛾
Ar䝺䞊䝄䞊䜢⏝䛔䚸᳨ฟ⺯ගἼ㛗 505~555 nm䛷ほᐹ䛧䛯䚹 
 
 
4-2-11. ⺯ග೫ගゎᾘἲ䜢⏝䛔䛯⣽⬊⭷ὶືᛶ䛾 ᐃ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾 A549⣽⬊⭷ὶືᛶ䛻୚䛘䜛ᙳ㡪䛿䚸3-2-11 䛸ྠᵝ䛾ཎ⌮
䜢⏝䛔䛶ホ౯䛧䛯䚹 
ᇵ㣴䛧䛯⣽⬊䜢㐲ỿ⟶䛻ᅇ཰䛧䚸1000 rpm, 5 min 䛾᮲௳䛷㐲ᚰ䛧䛯䚹䜰䝇䝢䝺䞊䝍
䞊䛻䛶ୖ⃈䜏䜢㝖ཤ䛧䚸1.0×106 cells/ml 䛻䛺䜛䜘䛖䛻㐲ỿ⟶䛻᧛✀䛧䚸HBSS 䛷ᠱ⃮
䛧䛯䚹DPH 䠄[DPH] = 2.5×10-3 M, ⁐፹ : Tetrahydrofuran䠅䜢ῧຍ䛧䠄᭱⤊⃰ᗘ : 2 
μM䠅䚸㐽ග≧ែ䛷 37Υ䛻䛶 7ศ䛤䛸䛻䝍䝑䝢䞁䜾䜢⾜䛔 35ศ㛫ᰁⰍ䛧䛯䚹HBSS䛷 3
ᅇὙίᚋ䚸5.0×105 cells/ml 䛻䛺䜛䜘䛖䛻㐲ỿ⟶䛻᧛✀䛧䛯䚹㐲ỿ⟶䛻᧛✀䛧䛯⣽⬊䜢
1 cmゅ䛾▼ⱥ䝉䝹䛻 2.5 mlศὀ䛧䚸ᚠ⎔ᜏ ᵴ୰䛷 37Υ䛻䛧䛯䚹1ศ㛫 Control䜢
 ᐃᚋ䛻ヨᩱ䜢ῧຍ䛧䚸䛜䜣⣽⬊⭷ὶືᛶ䜢 ᐃ䛧䛯䚹DPH 䛾⺯ග೫ගᙉᗘ䛿䚸ບ
㉳Ἴ㛗 357 nm䛷 432 nm䛾⺯ග೫ගᙉᗘᡂศ䜢⺯ගศගගᗘィ䛻䛶 ᐃ䛧䛯䚹 
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4-2-12. Scratch assay䜢⏝䛔䛯㌿⛣ᢚไຠᯝ䛾᳨ウ 
 
⣽⬊䛾 2 ḟඖⓗ䛺⛣ື䛿䚸ⴥ≧௬㊊䛜ᙧᡂ䛥䜜䜛஦䛛䜙ጞ䜎䜛䚹䛥䜙䛻䚸⣒≧௬㊊
䛜ᙧᡂ䛥䜜⛣ື䛩䜛䚹௬㊊䛾⭷⾲㠃䛷䛿䚸䝥䝻䝔䜰䞊䝊➼䛻䜘䛳䛶⣽⬊እ䝬䝖䝸䝑䜽䝇
䜢ศゎ䛧䛴䛴⛣ື䛩䜛 130)䚹in vitro 䛻᪊䛡䜛㌿⛣⬟䛿 in vivo 䛻᪊䛡䜛㌿⛣䛸┦㛵䛩
䜛஦䛜᪤䛻▱䜙䜜䛶䛔䜛 131-133)䚹 
Scratch assay䛿䚸䝁䞁䝣䝹䜶䞁䝖≧ែ䛷⣽⬊ᇵ㣴㠃䛻✵㛫䜢స䜚䚸䛭䛾✵㛫䛻㐟㉮䛧
䛶᮶䜛⣽⬊䛾⛣ື㊥㞳䜔඘ሸ䛥䜜䛯✵㛫䛾㠃✚䛻䜘䛳䛶⛣ື⬟䜢ホ౯䛩䜛᪉ἲ䛷䛒
䜛 134)䚹䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾 A549⣽⬊䛻ᑐ䛩䜛㐟㉮ᢚไຠᯝ䜢 Scratch assay䛻
䜘䜚ホ౯䛧䛯䚹 
 
⁛⳦῭䜏 6well 䝥䝺䞊䝖䛻⣽⬊䠄2.5㽢105 cells/ml䠅䜢᧛✀䠄2 ml/ dish䠅䛧䚸24᫬㛫๓
ᇵ㣴䜢⾜䛳䛯䚹๓ᇵ㣴⤊஢ᚋ䚸⣽⬊䛜 well ෆ䛷 monolayer 䛻䛺䛳䛶䛔䜛䛾䜢☜ㄆ䛧
䛯ᚋ䚸ᐃつ䜢ᙜ䛶⣽⬊ᇵ㣴㠃䜢ᆒ୍䛻 200 μl䝏䝑䝥䛷ᘬ䛳ᥙ䛔䛶༑Ꮠ≧䛻⣽⬊䜢๤
㞳䛥䛫䛯䚹䛭䛾ᚋ䚸ᇵᆅ䜢㝖ཤ䛧䚸PBS(-)䛷Ὑί䛧䛯䚹Ὑίᚋ䚸᪂䛧䛟᏶඲ᇵᆅ䜢‶䛯
䛧䚸ヨᩱ䜢ῧຍ䛧 19 ᫬㛫ᇵ㣴䛧䛯䚹ヨᩱ䜢ῧຍ䛧䛯᫬㛫䜢 0 ᫬㛫䛸䛧䚸0 ᫬㛫䛸ಸຍ
᫬㛫ෆ䛾ᇵ㣴ᚋ䛾 19᫬㛫ᚋ䛻ಽ❧ᆺ㢧ᚤ㙾䠄EVOS , Advanced microscopy group䠅
䜢⏝䛔䛶⣽⬊ᇵ㣴㠃䛾㢧ᚤ㙾෗┿䜢᧜ᙳ䛧䛯䚹䛺䛚ヨᩱ⃰ᗘ䛿䚸A549⣽⬊䛻ᑐ䛧䛶
䜰䝫䝖䞊䝅䝇䜢ㄏᑟ䛧䛺䛔⃰ᗘ䛸䛧䛯䚹᧜ᙳ䛧䛯㢧ᚤ㙾෗┿䜘䜚䚸0᫬㛫䛸 19᫬㛫ᚋ䛾
⣽⬊๤㞳㠃✚䜢䛭䜜䛮䜜ᐃ㔞໬䛧䛯䚹 
 
 
4-2-13. ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾䜢⏝䛔䛯௬㊊䛾ほᐹ 
 
⣽⬊䛜㐟㉮䛩䜛䛸䛝䛾㐠ືᛶ䛿䚸⣽⬊ෆ㒊䛻Ꮡᅾ䛩䜛⣽⬊㦵᱁䠄Cytoskeleton䠅䛾
ᐤ୚䛻䜘䜛䜒䛾䛷䛒䜛䚹⣽⬊㦵᱁䛿䚸㠀ᖖ䛻⣽䛔⧄⥔≧䛾䝍䞁䝟䜽㉁䛛䜙ᡂ䛳䛶䛚䜚䚸
䛭䛾✀㢮ཬ䜃ᙺ๭䛿ᵝ䚻䛷䛒䜛䚹䛒䜛䜒䛾䛿䚸㐠ືᛶ䛾䜏䛺䜙䛪⣽⬊ศ⿣䜔䜸䝹䜺
䝛䝷䛾⛣ື䛻䜒㛵୚䛧䛶䛔䜛䚹⣽⬊䛾ᵝ䚻䛺ᵓ㐀ኚ໬䜢ᨭ᥼䛧䚸ල⌧໬䛩䜛䝛䝑䝖䝽䞊
䜽䛣䛭䛜⣽⬊㦵᱁䛷䛒䜛 135)䚹 
ᇶᮏⓗ䛻⣽⬊㦵᱁䛿 3✀䛻኱ู䛥䜜䜛䛜䚸⣽⬊䛾⛣ື䛻㛵䜟䛳䛶䛔䜛䛾䛿䜰䜽䝏䞁
䝣䜱䝷䝯䞁䝖䠄Actin filament䠅䛸࿧䜀䜜䜛┤ᚄ⣙ 7 nm 䜋䛹䛾ᴟ⣽䛾⣽⬊㦵᱁䛷䛒䜛䚹䜰
䜽䝏䞁䝣䜱䝷䝯䞁䝖䛿䚸⣽⬊䛾⛣ື䛾䜏䛺䜙䛪⣽⬊ศ⿣䛻䜒῝䛟㛵୚䛧䛶䛚䜚䚸⏕య䛻
᪊䛔䛶㠀ᖖ䛻㔜せ䛺ᙺ๭䜢ᯝ䛯䛧䛶䛔䜛䚹䜎䛯䚸䜰䜽䝏䞁䝣䜱䝷䝯䞁䝖䛾Ꮡᅾ䛿䚸⣽⬊⭷
䛻䝎䜲䝘䝭䝈䝮䜢䜒䛯䜙䛧䛶䛔䜛䚹⣽⬊䛿䚸䛣䛾䜰䜽䝏䞁䝣䜱䝷䝯䞁䝖䛜㔜ྜ䜒䛧䛟䛿⬺㔜
ྜ䛩䜛஦䛷⛣ື䛩䜛䚹䜰䜽䝏䞁䝣䜱䝷䝯䞁䝖䛿䚸㔜ྜ䛩䜛஦䛷㐍ᒎ䛧䚸⬺㔜ྜ䛩䜛஦䛷
⦰䜐஦䛜▱䜙䜜䛶䛔䜛䚹䛣䜜䜢⧞䜚㏉䛩஦䛷⣽⬊䛿㐠ື䛩䜛䚹 
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35 mm Glass Bottom dish䛻⣽⬊䠄2.0㽢104 cells/ml䠅䜢᧛✀䠄2 ml/ dish䠅䛧 24᫬㛫๓
ᇵ㣴䛧䛯䚹๓ᇵ㣴⤊஢ᚋ䚸ྛヨᩱ䜢ῧຍ䛧 24 ᫬㛫ᇵ㣴䛧䛯䚹ᇵ㣴⤊஢ᚋ䚸4%䝩䝹䝬
䝸䞁䛷ᅛᐃ䚸0.5% Triton-X 100 䛷ᾐ㏱໬䛧䛯ᚋ䚸Actin-stainTM 488 Fluorescent 
Phalloidin (Cytoskeleton) 1.0㽢10-4 M䜢ຍ䛘 F-actin䜢ᰁⰍ䛧䛯䚹ᰁⰍᚋ䚸Ὑί䛧ඹ↔
Ⅼ䝺䞊䝄䞊㢧ᚤ㙾䛷ほᐹ䛧䛯䚹䛺䛚䚸ヨᩱ⃰ᗘ䛿 A549 ⣽⬊䛻䜰䝫䝖䞊䝅䝇䜢ㄏᑟ䛧
䛺䛔⃰ᗘ䛸䛧䛯䚹ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾䜢⏝䛔䛯ほᐹ䛷䛿ບ㉳Ἴ㛗䜢 488 nm 䛾 Ar
䝺䞊䝄䞊䜢⏝䛔䚸᳨ฟ⺯ගἼ㛗 505~555 nm䛷ほᐹ䛧䛯䚹 
 
 
4-2-14.  invasion assay 䛻䜘䜛ᾐ₶ᢚไヨ㦂 
 
⏕యෆ䛾䛜䜣⣽⬊䛿䚸⤖ྜ⤌⧊䜔ᇶᗏ⭷䜢ศゎ䛧䛺䛜䜙 3 ḟඖⓗ䛻ື䛔䛶䛔䜛䚹
ᇶᗏ⭷䛾ศゎ䛿⣽⬊㐠ື䛾ඛ➃㒊䛷䛒䜛௬㊊ඛ➃㒊䛷⾜䜟䜜䚸ᇶᗏ⭷ศゎ㓝⣲䛜
ᒁᅾ䛧䛯 Invadopodia 䜢᭱ึ䛻ᙧᡂ䛩䜛䛸䛔䜟䜜䛶䛔䜛䠄Fig. 4-2-1䠅136)䚹䛜䜣⣽⬊䛾
ᾐ₶䛿䛣䛾 Inovadopodia䜢୰ᚰ䛻㐍⾜䛩䜛䚹ᇶᗏ⭷䜢ศゎ䛧䚸ᾐ₶䛩䜛⬟ຊ䠄ᾐ₶⬟䠅
䜢 in vitro 䛻䛶 ᐃ䛩䜛䝰䝕䝹䛸䛧䛶⏝䛔䜙䜜䛶䛔䜛䛾䛜 Invasion assay137-139)䛷䛒䜛䚹
䛭䛾୰䛷䜒 Boyden Chamber assay140)䛜䜘䛟⏝䛔䜙䜜䛶䛔䜛䚹䛣䛾 ᐃ⣔䛻䛚䛔䛶䚸
Insert䛻⿕そ䛥䜜䛯 Matrigel141)䛿ᇶᗏ⭷䝰䝕䝹䛸䛺䜛䚹ㄏᑟ≀㉁䛸䛧䛶 FBS 䜢⏝䛔䛶䚸
↓⾑Ύᇵᆅ୰䛛䜙Matrigel 䜢ᾐ₶䞉ศゎ䛧 Insertᗏ㠃䛻ከᩘᏑᅾ䛩䜛Ꮝ䠄8 μm䠅䜢㏻
䜚ୗᒙ䜎䛷⛣ື䛩䜛䚹 
 
Fig. 4-2-1 Schematic representation of invadopodia. 
Matrigel䛜⿕そ䛥䜜䛯 BD BioCoatTM MatrigelTM Invasion Chamber (BD Biosciences) 
䛾ྛ Insert 䛸ྛ Chamber 䜢↓⾑Ύᇵᆅ䛻䜘䜚䜲䞁䜻䝳䝧䞊䝍䞊䠄5䠂 CO2, 37䉝䠅ෆ䛻
䛶 2᫬㛫Ỉ࿴ฎ⌮䜢⾜䛳䛯ᚋ䚸↓⾑Ύᇵᆅ䜢㝖ཤ䛧䚸⣽⬊ᠱ⃮ᾮ䠄8.0㽢104 cells/ml䠅
䜢↓⾑Ύᇵᆅ 450 μl䛻䛶᧛✀䛧䚸ྠ᫬䛻ヨᩱ䜢 50 μlῧຍ䛧䛯䚹ୗ㒊䛾 Chamber䛻
䛿 10䠂FBSྵ᭷ᇵᆅ䜢ẼἻ䛾ධ䜙䛺䛔䜘䛖䛻ຍ䛘䚸䜲䞁䜻䝳䝧䞊䝍䞊䠄5䠂 CO2, 37䉝䠅
Invadopodia
ECM
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䛷 24᫬㛫ᇵ㣴䛧䛯䚹Control䛻䛿Matrigel䛾⿕そ䛥䜜䛶䛔䛺䛔 Control insert 䜢౑⏝
䛧䛯䚹ᇵ㣴⤊஢ᚋ䚸Insertෆ䛾㠀ᾐ₶⣽⬊䛸Matrigel䜢⥥Წ䛻䛶㝖ཤᚋ䚸100䠂䜶䝍䝜
䞊䝹䛻䛶 30 ศ㛫ᅛᐃ䛧䛯䚹䛭䛾ᚋ䚸0.1䠂Crystal Violet/100%䜶䝍䝜䞊䝹䜢⏝䛔䛶 30
ศ㛫ᐊ 䛻䛶ᰁⰍ䛧䚸䝕䝆䝍䝹㢧ᚤ㙾䜹䝯䝷䝦䝑䝗䠄DS-Fi1, Nikon䠅䜢⿦╔䛧䛯ᇵ㣴ಽ
❧㢧ᚤ㙾䠄TS100, Nikon䠅䜢䝕䝆䝍䝹䜲䝯䞊䝆䞁䜾䝁䞁䝖䝻䞊䝷䠄DS-L2, Nikon䠅䛻䛶᧜
ᙳ䜢⾜䛳䛯䚹䠄Fig. 4-2-2䠅 
 
 
                   
 
Fig. 4-2-1 Schematic representation of invasion assay. 
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4-2-15.  MMP-14Ⓨ⌧㔞䛾 ᐃ 
 
MMP䛻䛿䚸ศἪᆺMMP 䛸⭷⾲ᅾᆺMembrane type-1 MMP(MT1-MMP : MMP14)
䛜Ꮡᅾ䛩䜛䚹ศἪᆺ MMP 䛾άᛶ໬䛻䛿 MMP14 䛾άᛶ໬䛜ᚲせ䛷䛒䜛஦䛛䜙
MMP14䛾άᛶ໬䛣䛭䛜䛜䜣⣽⬊䛾ᾐ₶䛾ጞ䜎䜚䛸䛥䜜䜛䚹MMP14䛿⣽⬊⭷⾲㠃䚸≉
䛻ᾐ₶✺㉳ୖ䛻ከ䛟Ⓨ⌧䛧䛶䛔䜛䚹ᾐ₶✺㉳⭷⾲㠃ୖ䛷஧㔞య䜢ᙧᡂ䛧䚸⏕యෆ䛻
᪊䛡䜛 MMP 㜼ᐖ≀㉁䛷䛒䜛 TMP 䛛䜙ศἪᆺ MMP 䜢ษ䜚㞳䛩஦䛷άᛶ໬䛥䜜䜛䚹
άᛶ໬䛧䛯ศἪᆺMMP䛿䚸ᇶᗏ⭷䛾ศゎ䜢ಁ㐍䛥䛫䚸ᾐ₶䜢㐍⾜䛥䛫䜛 142)䚹 
 
150 mm dish䛻 1.0㽢104 cells/ml䛻ㄪᩚ䛧䛯⣽⬊䜢᧛✀䠄30 ml/ dish䠅䛧䚸24᫬㛫๓
ᇵ㣴䜢⾜䛳䛯䚹๓ᇵ㣴⤊஢ᚋ䚸ྛヨᩱ䜢ῧຍ䛧䛥䜙䛻 24᫬㛫ᇵ㣴䛧䛯䚹ᇵ㣴⤊஢ᚋ䚸
⣽⬊䜢ᅇ཰䛧 3000 rpm䚸3 ศ㛫䛾᮲௳䛷㐲ᚰศ㞳䜢⾜䛔ୖ⃈䜏䜢㝖ཤ䛧䛯䚹ୖ⃈䜏
䜢㝖ཤᚋ䚸4%䝩䝹䝬䝸䞁䛷ᅛᐃ䛧䚸Blocking Buffer (5% Goat serum/PBS(-))䛷୍ᬌ䝤
䝻䝑䜻䞁䜾䜢⾜䛳䛯䚹䝤䝻䝑䜻䞁䜾⤊஢ᚋ䚸୍ḟᢠయ Anti-MMP14 rabbit monoclonal 
antibody (abcam)䛷ᰁⰍ䛧䛯䚹୍ḟᢠయᰁⰍ⤊஢ᚋ䚸Wash Buffer (5% Goat 
serum/0.01% Triton-X 100 /PBS(-))䛷Ὑί䛧䛯䚹Ὑί⤊஢ᚋ䚸஧ḟᢠయ Alexa Flior 
488 goat anti-rabbit IgG (Invitrogen)䜢౑⏝䛧ᰁⰍ䜢⾜䛳䛯䚹䛺䛚䚸୍ḟᢠయ⃰ᗘ䛿 1 
μg/ml䚸஧ḟᢠయ⃰ᗘ䜢 1:200 䛸䛧䛯䚹ᮏᐇ㦂䛷⏝䛔䛯ヨᩱ⃰ᗘ䛿䚸A549⣽⬊䛻ᑐ䛧
䛶䜰䝫䝖䞊䝅䝇䜢ㄏᑟ䛧䛺䛔⃰ᗘ䠄4.0×10-5 M䠅䜢⏝䛔䛯䚹 
ᰁⰍ䛧䛯⣽⬊䛿䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊䜢⏝䛔䛶ග※䛻 488 nm 䛾✵෭ Ar 䝺䞊䝄䞊䜢
ฟຊ 15 mW䛷౑⏝䛧 FL1䝉䞁䝃䞊(505~545 nm)䛷䛾᮲௳䛷 ᐃ䛧䛯䚹 
 
 
4-2-16. 䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⫵䛜䜣⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛻ᑐ䛩䜛
἞⒪ᐇ㦂 
 
㧗ᗘච␿୙඲䝬䜴䝇䠄BALB/c-R/J, 7㐌㱋, 㞤䠅䛾య㔜䜢䜒䛸䛻ᒙู㐃⥆↓సⅭ໬ἲ
䛻䜘䜚⩌ศ䛡䜢⾜䛳䛯䚹䝬䜴䝇ᚋ⫼㒊⓶ୗ䛻䝬䝖䝸䝀䝹䛻ᠱ⃮䛧䛯⣽⬊䠄1.0㽢106 
cells/body䠅䜢⛣᳜䛧䛯䚹⛣᳜ 2᪥┠䛛䜙⭘⒆య✚䜢 4-2-1ᘧ䛛䜙 ᐃ䛧䚸ヨᩱ䜢 1᪥
1ᅇ⭘⒆㏆ഐ䛾⓶ୗ䛻 28᪥㛫཯᚟ᢞ୚䠄5 ml/kg䠅䛧䛯䠄Table 4-2-1䠅䚹⛣᳜ 28᪥┠
䛻㯞㓉ୗ䛻䛶⭘⒆⤌⧊䛾᦬ฟ䜢⾜䛳䛯䚹᦬ฟ䛧䛯⭘⒆㔜㔞䛚䜘䜃⭘⒆య✚䛻䛶἞⒪
ຠᯝ䛾ホ౯䜢⾜䛳䛯䚹 
⭘⒆య✚䠄mm3䠅 䠙 㛗⤒ 㽢 䠄▷⤒䠅2 㽢1/2䞉䞉䞉4-2-1 
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Table 4-2-1 Dose of DMTre. 
⩌ Sample Dose (mg/kg) 
DMPC TreC14 
1 Control (5% glucose)   
2 DMPC 3.4  
3 DMTre (30mol%DMPC/70mol% TreC14) 3.4 7.5 
 
 
4-2-17.  TUNELᰁⰍ䛻䜘䜛䜰䝫䝖䞊䝅䝇䛾᳨ฟ 
 
TUNELἲ䜢⏝䛔䛯䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾 in vivo 䛷䛾䜰䝫䝖䞊䝅䝇ㄏᑟ䛾ホ౯䛿
3-2-14 䛸ྠᵝ䛾ཎ⌮䜢⏝䛔䛶ホ౯䛧䛯䚹 
 
 
4-2-18. 䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⫵䛜䜣⣽⬊ྠᡤ⛣᳜䝰䝕䝹䝬䜴䝇䛻ᑐ䛩䜛
἞⒪ᐇ㦂 
 
㧗ᗘච␿୙඲䝬䜴䝇䠄BALB/c-R/J, 7㐌㱋, 㞝䠅䛾య㔜䜢䜒䛸䛻ᒙู㐃⥆↓సⅭ໬ἲ
䛻䜘䜚⩌ศ䛡䜢⾜䛳䛯䚹⏕⌮㣗ሷỈ䛻ᠱ⃮䛧䛯⣽⬊䠄3.5㽢105 cells/body䠅䜢ᑿ㟼⬦䜘䜚
⛣᳜䛧䛯䚹⛣᳜ 1 ᫬㛫ᚋ䚸䝬䜴䝇ᑿ㟼⬦䜘䜚ヨᩱ䜢 14 ᪥㛫཯᚟ᢞ୚䠄10 mg/kg䠅䛧䛯
ᢞ୚⤊஢⩣᪥䛻㯞㓉ୗ䛻䛶⫵⤌⧊䛾᦬ฟ䜢⾜䛳䛯䚹᦬ฟ䛧䛯⤌⧊㔜㔞䛻䛶἞⒪ຠ
ᯝ䛾ホ౯䜢⾜䛳䛯䚹 
 
 
4-2-19.  HEᰁⰍ䜢⏝䛔䛯⭘⒆⤌⧊䛾ほᐹ 
 
䠘HEᰁⰍ䠚 
 
4-2-18 䛻䛶᦬ฟ䛧䛯⫵⤌⧊䜢⏕⌮㣗ሷỈ䠄኱ሯ〇⸆ᰴᘧ఍♫䠅䛻䛶Ὑί䛧䚸10%୰
ᛶ⦆⾪䝩䝹䝬䝸䞁⁐ᾮ䠄Wako䠅䛻䛶ᅛᐃ䛧䛯䚹᦬ฟ䛧䛯⭘⒆䛿䝞䜲䜸⑓⌮◊✲ᡤ䛻䛶䚸
HE ᰁⰍ⤌⧊ษ∦䜢స〇䛧䛯䚹⤌⧊ษ∦䛾ほᐹ䛿䚸ගᏛ㢧ᚤ㙾䠄BZ-X700, 
KEYENCE 䠅 䛻䛶ほᐹ䛧䛯䚹᧜ᙳ䛧䛯⏬ീ䛛䜙⤌⧊㠃✚䜢 BZ-X Analyzer 
䠄KEYENCE䠅䛻䛶⟬ฟ䛧䚸἞⒪ຠᯝ䜢ホ౯䛧䛯䚹 
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4-3.  ⤖ᯝ䛸⪃ᐹ 
 
4-3-1.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⫵䛜䜣⣽⬊䛻ᑐ䛩䜛ไ䛜䜣ຠᯝ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖⫵⬊ᇶᗏୖ⓶⭢䛜䜣䠄A549䠅⣽⬊䛻ᑐ䛩䜛ไ
䛜䜣ຠᯝ䜢㓝⣲άᛶ ᐃἲ䛷䛒䜛WST-8 assay䛻䛶 ᐃ䛧䛯䚹 
 
DMTre䛾 A549⣽⬊䛻ᑐ䛩䜛ቑṪᢚไຠᯝ䛾᳨ウ⤖ᯝ䜢 Fig.4-3-1, Fig.4-3-2䛚䜘
䜃 Table 3-2-1䛻♧䛩䚹DMTre䛿䚸A549⣽⬊䛾⏕Ꮡ⋡䜢⃰ᗘ౫Ꮡⓗ䛻ῶᑡ䛧䛯䚹䜎
䛯䚸DMPC 䛾 IC50್䛜 437 μM䛷䛒䜛䛾䛻ᑐ䛧䚸DMTre䛿 1/10௨ୗ䛾 40.9 μM䛷
䛒䜚ⴭ䛧䛔ቑṪᢚไຠᯝ䛜᫂䜙䛛䛸䛺䛳䛯䚹 
௨ୖ䛾⤖ᯝ䛛䜙䚸DMTre䛿 A549⣽⬊䛻ᑐ䛩䜛㢧ⴭ䛺ไ䛜䜣ຠᯝ䜢♧䛩䛣䛸䛜᫂䜙
䛛䛸䛺䛳䛯䚹  
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Fig. 4-3-1 Inhibitory effects of DMTre on the growth of A549 cells. 
Data represent the mean ± S.E. (n = 3) 
[DMPC] = 0 ~ 1.0×10-4M,   [TreC14] = 0 ~ 2.33×10-4M 
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Fig. 4-3-2 Inhibitory concentration (IC50) of DMTre and DMPC on the growth of A549 
cells. 
Data represent the mean ± S.E. (n = 3) 
Incubation time : 48 h. 
*p < 0.05 (DMPC ) 
 
Table 3-2-1 IC50 of DMTre and DMPC143) on the growth of A549 cells. 
 IC50 (μM) 
DMTre 40.9 ± 1.0 
DMPC 437± 48.6 
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4-3-2.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⫵䛜䜣⣽⬊䛻ᑐ䛩䜛䜰䝫䝖䞊䝅䝇ㄏᑟ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾 A549 ⣽⬊䛻ᑐ䛩䜛䜰䝫䝖䞊䝅䝇ㄏᑟ䜢᳨ウ䛩䜛Ⅽ䛻 PI 
assay ࢆ⏝࠸࡚ DNAࡢ᩿∦໬⋡ࡢ ᐃࢆ⾜ࡗࡓࠋ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖⫵⬊ᇶᗏୖ⓶⭢䛜䜣䠄A549䠅⣽⬊䛻ᑐ䛩䜛
DNA ᩿∦໬⋡䛾 ᐃ䛚䜘䜃䚸⣽⬊࿘ᮇ䛻୚䛘䜛ᙳ㡪䛾᳨ウ⤖ᯝ䜢 Fig. 4-3-3 䛻♧
䛩䚹DNA䛾᩿∦໬䜢♧䛩 SubG1䛾 DNA㔞䜢᳨ウ䛧䛯䛸䛣䜝䚸DMTre䛿 A549⣽⬊
䛾 DNA䛾᩿∦໬䛩䜛஦䛜᫂䜙䛛䛸䛺䛳䛯䚹200 μM䛷䛿⣙ 95䠂䛸䛔䛖㧗䛔 DNA᩿∦
໬⋡䛜ほ 䛥䜜䛯䚹䜎䛯䚸IC50௨ୗ䛾⃰ᗘ䛻䛶 DNA ᩿∦໬䛜㉳䛝䛶䛔䛺䛔䛣䛸䛛䜙䚸
G0/1ᮇ䛾 DNA㔞䜢᳨ウ䛧䛯䛸䛣䜝䚸G0/1ᮇ䛾 DNA㔞䛾ቑຍ䛜ぢ䜙䜜䛯䚹 
௨ୖ䛾⤖ᯝ䛛䜙䚸DMTre䛿䚸A549⣽⬊䛻ᑐ䛧䛶ప⃰ᗘ䛷䛿 G0/1 arrest 䜢ᘬ䛝㉳䛣
䛧䚸㧗⃰ᗘ䛷䛿䜰䝫䝖䞊䝅䝇䜢ㄏᑟ䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
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Fig. 4-3-3 Cell cycle distribution in A549 cells treated with DMTre. 
Data represent the mean ± S.E. (n = 5) 
Incubation time : 48 h. 
*p < 0.05 ( Control ) 
 [DMPC]=0.1~2.0×10-4 M, [TreC14]=0.233~4.66×10-4 M. 
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4-3-3.  䜰䝫䝖䞊䝅䝇ㄏᑟ䛻䛚䛡䜛䝅䜾䝘䝹ఏ㐩 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖⫵⬊ᇶᗏୖ⓶⭢䛜䜣䠄A549䠅⣽⬊䛻ᑐ䛩䜛䜰
䝫䝖䞊䝅䝇ㄏᑟ⤒㊰䜢ゎ᫂䛩䜛䛯䜑䛻䚸䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊䛻䛶䜹䝇䝨䞊䝇άᛶཬ䜃
䝭䝖䝁䞁䝗䝸䜰⭷㟁఩䛾 ᐃ䜢⾜䛳䛯䚹 
 
DMTre䛾 A549⣽⬊䛻ᑐ䛩䜛䜹䝇䝨䞊䝇άᛶ໬⋡䛾 ᐃ⤖ᯝ䜢 Fig.4-3-4䛻♧䛩䚹
ᅗ䛛䜙᫂䜙䛛䛺䜘䛖䛻DMTre䛷ฎ⌮䛧䛯 A549⣽⬊䛿䚸ᮍฎ⌮䛾 Controlཬ䜃DMPC
䛷ฎ⌮䛧䛯 A549⣽⬊䛻ẚ䜉䚸䜹䝇䝨䞊䝇-3, -8, -9䛜ⴭ䛧䛟άᛶ໬䛧䛯䚹≉䛻䚸䜹䝇䝨
䞊䝇-3, -8䛿⣙ 50 ~ 80 %䛸㠀ᖖ䛻㧗䛟䛺䛳䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
DMTre䛾 A549⣽⬊䛻ᑐ䛩䜛䜰䝫䝖䞊䝅䝇ㄏᑟ䛻䛚䛡䜛䝭䝖䝁䞁䝗䝸䜰䛾㛵୚䛾᳨ウ
⤖ᯝ䜢 Fig.4-3-5䛻♧䛩䚹ᅗ䛛䜙᫂䜙䛛䛺䜘䛖䛻 DMTre䛷ฎ⌮䛧䛯 A549⣽⬊䛾䝭䝖䝁
䞁䝗䝸䜰⭷㟁఩䛿䚸ᮍฎ⌮䛾 Controlཬ䜃 DMPC䛷ฎ⌮䛧䛯 A549⣽⬊䛸ẚ䜉᭷ព
䛻పୗ䛧䛶䛔䜛䛣䛸䛜♧䛥䜜䛯䚹 
 
௨ୖ䛾⤖ᯝ䛛䜙䚸DMTre䛾 A549⣽⬊䛾䜰䝫䝖䞊䝅䝇ㄏᑟ䛻䛚䛔䛶䜹䝇䝨䞊䝇άᛶ
໬䛸䝭䝖䝁䞁䝗䝸䜰䛜㛵୚䛧䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
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Fig. 4-3-4 Activation of caspase in A549 cells after the treatment with DMTre. 
Data represent the mean ± S.E. (n = 5) 
Incubation time : 24 h. 
*p < 0.05 ( Control, DMPC ) 
 [DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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Fig. 4-3-5 Mitochondrial transmembrane potential (ԥΨm) disruption of mitochondria 
membrane for A549 cells treated with DMTre. 
Data represent the mean ± S.E. (n =3 ~ 5) 
Incubation time : 24 h. 
*p < 0.05 ( Control, DMPC ) 
 [DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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4-3-4.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⫵䛜䜣⣽⬊⭷䜈䛾ᙳ㡪 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖⫵⬊ᇶᗏୖ⓶⭢䛜䜣䠄A549䠅⣽⬊⭷䛻୚䛘䜛
ᙳ㡪䛻䛴䛔䛶䚸䝸䝫䝋䞊䝮䛾⣽⬊⭷䜈䛾⼥ྜ䞉⵳✚䚸⣽⬊⭷ὶືᛶ䜈䛾ᙳ㡪䛻䛴䛔
䛶᳨ウ䛧䛯䚹 
 
⺯ග⬡㉁ྵ᭷ DMTre 䛾⫵䛜䜣⣽⬊⭷䜈䛾⼥ྜ䞉⵳✚䜢ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾䛻
䛶ほᐹ䛧䛯䚹⤖ᯝ䜢 Fig. 4-3-6 䛻♧䛩䚹⏬ീ䛛䜙᫂䜙䛛䛺䜘䛖䛻⺯ග⬡㉁ྵ᭷ DMTre
䛿ῧຍᚋ䚸30 ศ䛛䜙⥳Ⰽ⺯ග䛜ほᐹ䛥䜜䚸⤒᫬ⓗ䛻⺯ගᙉᗘ䛜ቑ኱䛧䛶䛔䜛䛣䛸䛜
᫂䜙䛛䛸䛺䛳䛯䚹୍᪉䚸⺯ග⬡㉁ྵ᭷DMPC䛷䛿⺯ගᙉᗘ䛾ቑຍ䛿ぢ䜙䜜䛺䛛䛳䛯䚹 
䛣䛾஦䛛䜙 DMTre䛿䚸A549⣽⬊⭷䛻⼥ྜ䞉⵳✚䛩䜛஦䛜᫂䜙䛛䛸䛺䛳䛯䚹 
DMTre䛾⣽⬊⭷ὶືᛶ䜈䛾ᙳ㡪䛾᳨ウ⤖ᯝ䜢 Fig. 4-3-7䛻♧䛩䚹DMTre䜢ῧຍ
䛧䛯 A549⣽⬊⭷䛷䛿䚸Control䛻ẚ䜉೫ගᗘ(P)䛜పୗ䛧䛯䛣䛸䛛䜙䚸DMTre䛿
A549⣽⬊⭷䛾ὶືᛶ䜢ቑ኱䛥䛫䜛஦䛜᫂䜙䛛䛸䛺䛳䛯䚹 
䛣䜜䜙䛾⤖ᯝ䛛䜙䚸DMTre䛿 A549⣽⬊䛾⣽⬊⭷䛻⼥ྜ䞉⵳✚䛧䚸⭷ὶືᛶ䜢ቑ኱
䛥䛫䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
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Fig. 4-3-6 Fluorescence micrographs of A549 cells treated with DMTre/NBDPC using 
confocal laser microscope. 
Scale ber : 20μm 
[DMPC]=1.0×10-4 M, [TreC14]=2.59×10-4 M, [NBDPC]=1.0×10-8 M 
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Fig. 4-3-7 Increase in membrane fluidity of A549 cells after the treatment with DMTre. 
*p < 0.05 ( Control ) (n = 3) 
 Incubation time : 10 min. 
[DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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4-3-5.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⫵䛜䜣⣽⬊㐟㉮ᢚไຠᯝ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖⫵⬊ᇶᗏୖ⓶⭢䛜䜣䠄A549䠅⣽⬊䛻ᑐ䛩䜛ᾐ
₶ᢚไຠᯝ䜢 Invasion assay䜢⏝䛔䛶᳨ウ䛧䛯䚹䜎䛯䚸㐟㉮ᢚไຠᯝ䛾᳨ウ䜢⣽⬊䛾
஧ḟඖⓗ䛺ື䛝䜢ほ 䛩䜛 Scratch assay䚸⣽⬊䛾⛣ື䛻ᚲせ୙ྍḞ䛸䛥䜜䜛௬㊊䛾
ᙧᡂ䜢䜰䜽䝏䞁ᰁⰍ䛚䜘䜃⣽⬊䛾ᾐ₶䛻㛵ಀ䛩䜛MMP-14䛾Ⓨ⌧㔞䜢 ᐃ䛩䜛஦䛷
ホ౯䛧䛯䚹 
DMTre䛾 A549⣽⬊䛻ᑐ䛩䜛ᾐ₶ᢚไຠᯝ䛾᳨ウ⤖ᯝ䜢 Fig. 4-3-8 , Fig. 4-3-9䛻
♧䛩䚹ᮍฎ⌮䛾 Controlཬ䜃 DMPCฎ⌮䛧䛯 A549⣽⬊䛿 Matrigel 䜢ศゎ䛧䚸ୗᒙ
䛾䝏䝱䞁䝞䞊䛻⛣ື䛧䛯ከᩘ䛾ᾐ₶⣽⬊䛜ぢ䜙䜜䛯䛜䚸DMTre ฎ⌮䜢⾜䛳䛯 A549
⣽⬊䛷䛿ᾐ₶⣽⬊䛜㢧ⴭ䛻ῶᑡ䛧䛯䚹 
㌿⛣ᢚไຠᯝ䛾᳨ウ⤖ᯝ䜢 Fig. 4-3-10 ~ Fig. 4-3-13 䛻♧䛩䚹Fig. 4-3-10 䛛䜙
Controlཬ䜃 DMPCฎ⌮䛧䛯 A549⣽⬊䛷䛿䚸2ḟඖⓗ䛺⛣ື䛜ほᐹ䛥䜜䚸๤㞳㠃✚
䛜⊃䛟䛺䛳䛶䛔䛯䚹୍᪉䚸DMTre 䜢ฎ⌮䛧䛯 A549⣽⬊䛷䛿䚸Control ཬ䜃 DMPC ฎ
⌮䛧䛯⣽⬊䛻ẚ䜉䛶 A549⣽⬊䛾⛣ື䛜ᢚไ䛥䜜䚸๤㞳㠃✚䛜ከ䛟ṧ䛳䛶䛔䛯䚹㢧ᚤ
㙾෗┿䛾⣽⬊⛣ື㠃✚䜢 image- j䛻䛶ᐃ㔞໬䛧䛯⤖ᯝ䜢 Fig. 4-3-11䛻♧䛩䚹Control
䛾⛣ື䛧䛯⣽⬊䜢 100%䛸䛧䛶ホ౯䛧䛯䚹DMPC ฎ⌮䛧䛯 A549 ⣽⬊䛾⛣ື㠃✚䛿
76.0%䛷䛒䛳䛯䛾䛻ᑐ䛧䚸DMTre䛷ฎ⌮䛧䛯A549⣽⬊䛾⛣ື㠃✚䛿 52.1%䛸䛺䛳䛯䚹
DMTre 䛷ฎ⌮䛧䛯 A549⣽⬊䛿䚸⛣ື㠃✚䛜 Control 䛻ẚ䜉⣙ 1/2䚸䛷䛒䜛஦䛜᫂䜙
䛛䛸䛺䛳䛯䚹䛥䜙䛻䚸Fig. 4-3-12 䛾⺯ග෗┿䛛䜙᫂䜙䛛䛺䜘䛖䛻 Control 䛷䛿ከᩘ䛾௬
㊊䛜☜ㄆ䛥䜜䛯䛾䛻ᑐ䛧䚸DMTre 䛷ฎ⌮䛧䛯 A549 ⣽⬊䛷䛿௬㊊䛜ほᐹ䛥䜜䛺䛛䛳
䛯䚹 
DMTre 䛾 A549 ⣽⬊䛻ᑐ䛩䜛 MMP-14 Ⓨ⌧㔞䛾᳨ウ⤖ᯝ䜢 Fig. 4-3-13 䛻♧䛩䚹
ᮍฎ⌮ཬ䜃 DMPCฎ⌮䛻ẚ䜉 DMTre䛻䛶ฎ⌮䛧䛯 A549⣽⬊䛷䛿䚸MMP-14䛾Ⓨ
⌧䛜ᢚไ䛥䜜䜛஦䛜᫂䜙䛛䛸䛺䛳䛯䚹 
௨ୖ䛾⤖ᯝ䛛䜙䚸DMTre䛿䚸A549⣽⬊䛻ᑐ䛧䛶௬㊊䛾ᙧᡂ䜢㜼ᐖ䛧䚸㌿⛣䞉ᾐ₶䜢
ᢚไ䛩䜛஦䛜♧၀䛥䜜䛯䚹 
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Fig. 4-3-8 Inhibitory effects of DMTre on the invasion of A549 cells. Photographs for 
invaded cells in the presence or absence of DMTre. 
Scale ber : 50μm 
[DMPC] = 2.0×10-5 M ~ 4.0×10-5 M,    [TreC14] = 4.66×10-5 M ~ 1.06×10-4 M 
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Fig. 4-3-9 Relative invaded A549 cells treated with DMTre. 
Data represent the mean ± S.E. (n = 3) 
Incubation time : 24 h. 
*p < 0.05 ( Control, DMPC ) 
 [DMPC] = 2.0×10-5 M ~ 4.0×10-5 M,    [TreC14] = 4.66×10-5 M ~ 1.06×10-4 M 
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Fig. 4-3-10 Inhibitory effects of DMTre on the migration of A549 cells using wound 
scratch assay. 
Incubation time : 19 h. 
[DMPC]=4.0×10-5 M,   [TreC14]=9.32×10-5 M 
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Fig. 4-3-11 Relativearea of migration of A549 cells treated with DMTre for 19h. 
Data represent the mean ± S.E. (n = 6) 
Incubation time : 19 h. 
*p < 0.05 ( Control, DMPC ) 
 [DMPC]=4.0×10-5 M,   [TreC14]=9.32×10-5 M 
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Fig. 4-3-12 Fluorescence micrographs of A549 cells treated with DMTre for 24h using 
confocal laser microscope. 
Arrows : Invadopodia , Scale ber : 10μm 
[DMPC]=4.0×10-4 M,   [TreC14]=9.32×10-5 M. 
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Fig. 4-3-13 Relative expression values of MT1-MMP (MMP-14) in A549 cells treated 
with DMTre. 
Data represent the mean ± S.E. (n = 6) 
Incubation time : 24 h. 
*p < 0.05 ( Control, DMPC ) 
 [DMPC] = 4.0×10-5 M,   [TreC14] = 9.32×10-5 M 
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4-3-6.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⫵䛜䜣⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛻ᑐ䛩䜛
἞⒪ຠᯝ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖⫵⬊ᇶᗏୖ⓶⭢䛜䜣䠄A549䠅⣽⬊⓶ୗ⛣᳜䝰
䝕䝹䝬䜴䝇䛻ᑐ䛩䜛἞⒪ຠᯝ䛚䜘䜃䜰䝫䝖䞊䝅䝇ㄏᑟ䛻䛴䛔䛶᳨ウ䛧䛯䚹 
 
Fig. 4-3-14 䛻ᢞ୚ᮇ㛫୰䛾䝬䜴䝇䛾య㔜ኚ໬䜢♧䛩䚹䛔䛪䜜䛾⩌䛻䛚䛔䛶䜒ᢞ୚
ᮇ㛫୰䛾య㔜䛾ኚ໬䛿ぢ䜙䜜䛺䛛䛳䛯䚹 
ᢞ୚ᮇ㛫୰䛾⭘⒆య✚䛾᥎⛣䜢 Fig. 4-3-15䛻♧䛩䚹Control⩌䛚䜘䜃 DMPCᢞ୚
⩌䛻䛚䛔䛶 14 ᪥┠䛛䜙⭘⒆䛾ቑ኱䛜☜ㄆ䛥䜜䛯䚹୍᪉䚸DMTre ᢞ୚⩌䛚䜘䜃
TreC14ᢞ୚⩌䛻䛚䛔䛶䛿⭘⒆య✚䛾ቑຍ䛿ⴭ䛧䛟ᢚไ䛥䜜䛯䚹 
ᢞ୚⤊஢⩣᪥䛻ゎ๗䛧䚸᦬ฟ䛧䛯⭘⒆䛾⏬ീ䜢 Fig. 4-3-16 䛻♧䛩䚹๗᳨䛻䜘䜚ྲྀ䜚
ฟ䛥䜜䛯⭘⒆෗┿䛛䜙᫂䜙䛛䛺䜘䛖䛻 DMTre ⩌䛷㢧ⴭ䛺⭘⒆⦰ᑠຠᯝ䛜ᚓ䜙䜜䛯䚹
⭘⒆㔜㔞䜢 Fig. 4-3-17䛻♧䛩䚹Control⩌ཬ䜃 DMPCᢞ୚⩌䛷䛿⭘⒆㔜㔞䛜 0.150 
g௨ୖ䛷䛒䜛䛾䛻ᑐ䛧䚸DMTreᢞ୚⩌䛾⭘⒆㔜㔞䛿 Control⩌䛾⣙ 1/5䚸DMPCᢞ୚
⩌䛾 1/3䛷䛒䜛 0.050 g䛷䛒䛳䛯䛣䛸䛛䜙䚸DMTre䛾㢧ⴭ䛺἞⒪ຠᯝ䛜ᚓ䜙䜜䛯䚹 
ḟ䛻䚸TUNEL ᰁⰍ䛧䛯⭘⒆ษ∦䛾⏬ീ䜢 Fig. 4-3-18 䛻♧䛩䚹Control ⩌ཬ䜃
DMPC ᢞ୚⩌䛻䛚䛔䛶䜰䝫䝖䞊䝅䝇㝧ᛶ⣽⬊䛿☜ㄆ䛥䜜䛺䛛䛳䛯䚹୍᪉䚸DMTre ᢞ
୚⩌䛾⭘⒆䛷䛿〓Ⰽ䛾䜰䝫䝖䞊䝅䝇㝧ᛶ⣽⬊䛾㞟ᅋ䛜☜ㄆ䛥䜜䛯䛣䛸䛛䜙䚸DMTre䛾
in vivo 䛷䛾䜰䝫䝖䞊䝅䝇ㄏᑟ䛜᫂䜙䛛䛸䛺䛳䛯䚹 
䛣䜜䜙䛾⤖ᯝ䛛䜙䚸DMTre 䛿 A549 ⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛻ᑐ䛧䜰䝫䝖䞊䝅䝇ㄏᑟ
䛻䜘䜚㢧ⴭ䛺἞⒪ຠᯝ䜢♧䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
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Fig. 4-3-14 Body weight change for subcutaneous lung carcinoma-bearing mice 
topically administered with DMTre. 
Data represent the mean ± S.E. (n = 4) 
[DMPC] = 1.0×10-3M,   [TreC14] = 2.33×10-3M 
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Fig. 4-3-15 Subcutaneous tumor volume for subcutaneous lung carcinoma-bearing mice 
topically administered with DMTre. 
Data represent the mean ± S.E. (n = 4) 
*p < 0.05 ( Control) 
 [DMPC] = 1.0×10-3M,   [TreC14] = 2.33×10-3M 
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Fig. 4-3-16 Photographs of subcutaneous tumor for subcutaneous lung carcinoma-bearing 
mice topically administered with DMTre. 
Scale bar : 5 mm 
[DMPC] = 1.0×10-3M,   [TreC14] = 2.33×10-3M 
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Fig. 4-3-17 Therapeutic effects of DMTre for subcutaneous lung carcinoma-bearing 
mice topically administered with DMTre. 
Data represent the mean ± S.E. (n = 3 ~ 6) 
*p < 0.05 ( Control, DMPC ) 
 [DMPC] = 1.0×10-3 M,    [TreC14] = 2.33×10-3 M 
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Fig. 4-3-18 Induction of apoptosis for A549 cells for subcutaneous lung carcinoma-
bearing mice topically administered with DMTre. 
Scale bar : 200 μm,  yellow : apoptotic cells 
[DMPC] = 1.0×10-3 M,    [TreC14] = 2.33×10-3 M 
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4-3-7.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⫵䛜䜣⣽⬊ྠᡤ⛣᳜䝰䝕䝹䝬䜴䝇䛻ᑐ䛩䜛
἞⒪ຠᯝ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖⫵⬊ᇶᗏୖ⓶⭢䛜䜣䠄A549䠅⣽⬊ྠᡤ⛣᳜䝰
䝕䝹䝬䜴䝇䛻ᑐ䛩䜛἞⒪ຠᯝ䛚䜘䜃䜰䝫䝖䞊䝅䝇ㄏᑟ䛻䛴䛔䛶᳨ウ䛧䛯䚹 
Fig. 4-3-19 䛻ᢞ୚ᮇ㛫୰䛾䝬䜴䝇䛾య㔜ኚ໬䜢♧䛩䚹䛔䛪䜜䛾⩌䛻䛚䛔䛶䜒ᢞ୚
ᮇ㛫୰䛾య㔜䛾ኚ໬䛿ぢ䜙䜜䛺䛛䛳䛯䚹 
14 ᪥㛫䛾ᢞ୚⤊஢⩣᪥䛻ゎ๗䛧䚸᦬ฟ䛧䛯⫵⤌⧊䛾෗┿䜢 Fig. 4-3-20䚸┦ᑐ⮚ჾ
㔜㔞䜢 Fig. 4-3-21䛻♧䛩䚹Fig. 4-3-20䛛䜙䚸Control⩌ཬ䜃 DMPCᢞ୚⩌䛾⫵⤌⧊
䛷䛿䚸⫵⾲㠃䛻⭘⒆ቑຍ䛻䜘䜚พฝ䛜☜ㄆ䛥䜜䛯䛾䛻ᑐ䛧䚸DMTre ᢞ୚⩌䛷䛿⫵⾲
㠃䛿ṇᖖ䛺⫵䛸ኚ䜟䜙䛺䛛䛳䛯䚹䜎䛯䚸Fig. 4-3-21 䛛䜙 DMTre 䛾┦ᑐ⮚ჾ㔜㔞䛿
Control⩌ཬ䜃 DMPCᢞ୚⩌䛸ẚ䜉㢧ⴭ䛻ῶᑡ䠄p < 0.05䠅䛧䛶䛚䜚䚸DMTre䛾⫵䛜䜣
䛻ᑐ䛩䜛ⴭ䛧䛔἞⒪ຠᯝ䛜᫂䜙䛛䛸䛺䛳䛯䚹 
ḟ䛻䚸HEᰁⰍ䛧䛯⭘⒆ษ∦䛾⏬ീ䜢 Fig. 4-3-22䛻♧䛩䚹Control⩌ཬ䜃 DMPCᢞ
୚⩌䛷䛿䚸⫵⤌⧊ෆ䛻䛶⭘⒆䛜ቑṪ䛧䚸⫵⬊䛾✵㝽䛜ῶᑡ䛧䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸䛺
䛳䛯䚹୍᪉䚸DMTre ᢞ୚⩌䛷䛿⭘⒆䛾ቑṪ䛜ᢚไ䛥䜜䚸⫵⬊䛾✵㝽䜒ṇᖖ䛺⫵䛸ྠ
ᵝ䛷䛒䛳䛯䚹䜎䛯䚸⫵⤌⧊ෆ䛾⭘⒆㠃✚䜢 BZ-X Analyzer䛻䛶⟬ฟ䛧䛯⤖ᯝ䜢 Fig. 4-
3-23䛻♧䛩䚹Controlཬ䜃 DMPC䛾⭘⒆㠃✚䛿䛭䜜䛮䜜 1212㼼23 mm2䛚䜘䜃 1202
㼼40 mm2䛷䛒䛳䛯䛜䚸DMTre䛾⭘⒆㠃✚䛿 916㼼41 mm2䛷䛒䜚⤫ィⓗ᭷ពᕪ䛜☜
ㄆ䛥䜜䚸㧗䛔ᢚไຠᯝ䛜ᚓ䜙䜜䛯䚹୍᪉䚸DMTre 䜢ᢞ୚䛧䛯⫵⒴䛾ྠᡤ⛣᳜䝰䝕䝹
䝬䜴䝇䛾⭘⒆㠃✚䛿䚸ṇᖖ䝬䜴䝇䠄948㼼66 mm2䠅䛸᭷ព䛺ᕪ䛿䛺䛟䜋䜌ྠ䛨㠃✚䛷䛒
䜚䚸DMTre䛾㢧ⴭ䛺⭘⒆ᢚไຠᯝ䛜᫂䜙䛛䛸䛺䛳䛯䚹 
䛣䜜䜙䛾⤖ᯝ䛛䜙䚸DMTre䛾 A549ྠᡤ⛣᳜䝰䝕䝹䝬䜴䝇䛻ᑐ䛩䜛㢧ⴭ䛺἞⒪ຠᯝ
䛜᫂䜙䛛䛸䛺䛳䛯䚹 
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Fig. 4-3-19 Body weight change for lung on the orthotopic graft-bearing mice treated 
with DMTre. 
Data represent the mean ± S.E. (n = 8) 
[DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 4-3-20 Photographs of lung on the orthotopic graft-bearing mice of lung carcinoma 
intravenously administered with DMTre. 
Scale bar : 5 mm 
[DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 4-3-21 Relative lung weight of orthotopic graft-bearing mice of lung carcinoma 
intravenously administered with DMTre. 
Data represent the mean ± S.E. (n = 8) 
*p < 0.05 ( Control ) 
 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 4-3-22 Photographs of lung on the orthotopic graft-bearing mice of lung carcinoma 
intravenously administered with DMTre in histological analysis using the 
H&E staining. 
Scale bar : 100 mm 
[DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 4-3-23 Tissues are of lung on the orthotopic graft-bearing mice of lung carcinoma 
intravenously administered with DMTre. 
Data represent the mean ± S.E. (n = 4) 
*p < 0.05 ( Control, DMPC ) 
 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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4-4.  ⥲ᣓ 
 
ᮏ❶䛷䛿䚸⢾⣔⏺㠃άᛶ๣䜢⏝䛔䛯䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖⫵⬊ᇶᗏ
ୖ⓶⭢䛜䜣䠄A549䠅⣽⬊䛻ᑐ䛩䜛 in vitro 䛷䛾ไ䛜䜣ຠᯝ䛚䜘䜃㌿⛣䞉ᾐ₶ᢚไຠᯝ
䛻䛴䛔䛶᳨ウ䛧䛯䚹䜎䛯䚸in vivo䛷䛿⫵䛜䜣⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛚䜘䜃ྠᡤ⛣
᳜䝰䝕䝹䝬䜴䝇䛻ᑐ䛩䜛ไ䛜䜣ຠᯝ䛻䛴䛔䛶᳨ウ䛧䛯䛸䛣䜝䚸௨ୗ䛾ᵝ䛺⯆࿡῝䛔▱
ぢ䛜ᚓ䜙䜜䛯䚹 
 
 
1.  DMTre䛿䚸A549⣽⬊䛾⏕Ꮡ⋡䜢⃰ᗘ౫Ꮡⓗ䛻ῶᑡ䛧䛯䚹䜎䛯䚸DMPC 䛾 IC50
್䛜 437 μM䛷䛒䜛䛾䛻ᑐ䛧䚸DMTre䛿 1/10௨ୗ䛾 40.9 μM䛷䛒䜚ⴭ䛧䛔ቑṪ
ᢚไຠᯝ䛜᫂䜙䛛䛸䛺䛳䛯䚹 
 
2.  DMTre䛿⃰ᗘ౫Ꮡⓗ䛻 A549⣽⬊䛾 DNA䜢᩿∦໬䛩䜛஦䛜᫂䜙䛛䛸䛺䛳䛯䚹
200 μM䛷䛿⣙ 95䠂䛸䛔䛖㧗䛔 DNA᩿∦໬⋡䛜ほ 䛥䜜䛯䚹䜎䛯䚸IC50௨ୗ䛾
⃰ᗘ䛻䛶 DNA᩿∦໬䛜㉳䛝䛶䛔䛺䛔䛣䛸䛛䜙䚸G0/1ᮇ䛾 DNA㔞䜢᳨ウ䛧䛯䛸䛣
䜝䚸G0/1ᮇ䛾 DNA㔞䛾ቑຍ䛜ぢ䜙䜜䛯䚹 
 
3.  DMTre䛷ฎ⌮䛧䛯 A549⣽⬊䛿䚸ᮍฎ⌮䛾 Controlཬ䜃 DMPC䛷ฎ⌮䛧䛯
A549⣽⬊䛻ẚ䜉䚸䜹䝇䝨䞊䝇-3, -8, -9䛜ⴭ䛧䛟άᛶ໬䛧䛯䚹≉䛻䚸䜹䝇䝨䞊䝇-3, 
-8䛿⣙ 50 ~ 80 %䛸㠀ᖖ䛻㧗䛟䛺䛳䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
 
4.  DMTre䛷ฎ⌮䛧䛯 A549⣽⬊䛾䝭䝖䝁䞁䝗䝸䜰⭷㟁఩䛿䚸ᮍฎ⌮䛾 Controlཬ䜃
DMPC䛷ฎ⌮䛧䛯 A549⣽⬊䛸ẚ䜉᭷ព䛻పୗ䛧䛶䛔䜛䛣䛸䛜♧䛥䜜䛯䚹 
 
5. ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾䛻䛶ほᐹ䛧䛯⤖ᯝ䛛䜙⺯ග⬡㉁ྵ᭷ DMTre䛿ῧຍᚋ䚸
30ศ䛛䜙⥳Ⰽ⺯ග䛜ほᐹ䛥䜜䚸⤒᫬ⓗ䛻⺯ගᙉᗘ䛜ቑ኱䛧䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸
䛺䛳䛯䚹䜎䛯䚸DMTre䜢ῧຍ䛧䛯 A549⣽⬊⭷䛷䛿䚸Control䛻ẚ䜉೫ගᗘ(P)䛜
పୗ䛧䛯䛣䛸䛛䜙䚸DMTre䛿 A549⣽⬊⭷䛾ὶືᛶ䜢ቑ኱䛥䛫䜛஦䛜᫂䜙䛛䛸䛺
䛳䛯䚹 
 
6.  Invasion assay䛾⤖ᯝ䛛䜙䚸ᮍฎ⌮䛾 Controlཬ䜃 DMPCฎ⌮䛧䛯 A549⣽⬊
䛿Matrigel䜢ศゎ䛧䚸ୗᒙ䛾䝏䝱䞁䝞䞊䛻⛣ື䛧䛯ከᩘ䛾ᾐ₶⣽⬊䛜ぢ䜙䜜䛯
䛜䚸DMTreฎ⌮䜢⾜䛳䛯 A549⣽⬊䛷䛿ᾐ₶⣽⬊䛜㢧ⴭ䛻ῶᑡ䛧䛯䚹䛥䜙䛻䚸
Scratch assay᳨ウ⤖ᯝ䛛䜙䚸DMTre䜢ฎ⌮䛧䛯 A549⣽⬊䛷䛿䚸Controlཬ䜃
DMPCฎ⌮䛧䛯⣽⬊䛻ẚ䜉䛶 A549⣽⬊䛾⛣ື䛜ᢚไ䛥䜜䚸๤㞳㠃✚䛜ከ䛟ṧ
91 
 
䛳䛶䛔䛯䚹image- j䛻䛶ᐃ㔞໬䛧䛯⤖ᯝ䚸DMPCฎ⌮䛧䛯 A549⣽⬊䛾⛣ື㠃✚
䛿 76.0%䛷䛒䛳䛯䛾䛻ᑐ䛧䚸DMTre䛷ฎ⌮䛧䛯 A549⣽⬊䛾⛣ື㠃✚䛿 52.1%
䛸䛺䛳䛯䚹DMTre䛷ฎ⌮䛧䛯 A549⣽⬊䛿䚸⛣ື㠃✚䛜 Control䛻ẚ䜉⣙ 1/2䚸
䛷䛒䜛஦䛜᫂䜙䛛䛸䛺䛳䛯䚹䜎䛯䚸ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾䛾⺯ග෗┿䛛䜙 Control
䛷䛿ከᩘ䛾௬㊊䛜☜ㄆ䛥䜜䛯䛾䛻ᑐ䛧䚸DMTre䛷ฎ⌮䛧䛯 A549⣽⬊䛷䛿௬㊊
䛜ほᐹ䛥䜜䛺䛛䛳䛯䚹MMP-14Ⓨ⌧㔞䛾᳨ウ䛧䛯䛸䛣䜝䚸ᮍฎ⌮ཬ䜃 DMPCฎ
⌮䛻ẚ䜉 DMTre䛻䛶ฎ⌮䛧䛯 A549⣽⬊䛷䛿䚸MMP-14䛾Ⓨ⌧䛜ᢚไ䛥䜜䜛䛣
䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
 
7.  DMTre䛿⫵䛜䜣⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛾⭘⒆䜢ῶᑡ䛧䛯䚹䜎䛯䚸TUNEL
ᰁⰍ䛾⤖ᯝ䛛䜙䚸DMTre䛾 in vivo䛷䛾䜰䝫䝖䞊䝅䝇ㄏᑟ䛜☜ㄆ䛥䜜䛯䚹 
 
8.  DMTre䛿⫵䛜䜣ྠᡤ䝰䝕䝹䝬䜴䝇䛾┦ᑐ⮚ჾ㔜㔞䜢ῶᑡ䛥䛫䛯䚹䜎䛯䚸HEᰁ
Ⰽ䛾⤖ᯝ䛛䜙䚸⭘⒆㠃✚䛜 Normal 䛸ྠᵝ䛺䜎䛷䛻ῶᑡ䛜☜ㄆ䛥䜜䚸in vivo 䛷䛾
ⴭ䛧䛔἞⒪ຠᯝ䛜᫂䜙䛛䛸䛺䛳䛯䚹 
 
 
௨ୖ䛾⤖ᯝ䛛䜙䚸DMTre䛿䚸䝠䝖⫵⬊ᇶᗏୖ⓶⭢䛜䜣䠄A549䠅⣽⬊䛻ᑐ䛩䜛 in vitro
ཬ䜃 in vivo䛷䛾ඃ䜜䛯἞⒪ຠᯝ䛜᫂䜙䛛䛸䛺䜚䚸DMTre䛿 A549⣽⬊䛻ᑐ䛧䛶ቑṪ
ᢚไຠᯝ䜢♧䛧䚸䜰䝫䝖䞊䝅䝇䜢ㄏᑟ䛩䜛஦䛜᫂䜙䛛䛸䛺䛳䛯䚹䜎䛯䚸DMTre%䛿ప⃰
ᗘ䛻䛚䛔䛶 A549 ⣽⬊䛾⣽⬊࿘ᮇ䛻ᙳ㡪䜢୚䛘 G0/1 arrest 䜢ㄏᑟ䛩䜛䛣䛸䛜ึ䜑䛶
᫂䜙䛛䛸䛺䛳䛯䚹DMTre䛿 A549⣽⬊䛻ప⃰ᗘ䛻䛚䛔䛶䚸A549⣽⬊䛾㌿⛣䜢ᢚไ䛩
䜛஦䜢ጞ䜑䛶᫂䜙䛛䛸䛧䚸⣽⬊䛾ᾐ₶䛻㛵㐃䛩䜛 MMP-14 䛾Ⓨ⌧䜢పୗ䛥䛫䜛䛣䛸䛻
䜘䜚䚸A549⣽⬊䛻ᑐ䛧䛶ᾐ₶ᢚไຠᯝ䜢♧䛩䛣䛸䛜♧၀䛥䜜䛯䚹DMTre䛿 in vivo 䛷
䛾ไ䛜䜣ຠᯝ䛜ᚓ䜙䜜䚸௒ᚋ䛾᪂䛧䛔⫵䛜䜣἞⒪⸆䛸䛧䛶ᮇᚅ䛷䛝䜛䜒䛾䛸ᛮ䜟䜜䜛䚹 
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➨ 5 ❶  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ங䛜䜣἞⒪ᑐ䛩䜛 in vitro 䛚䜘䜃 in vivo 
䛷䛾἞⒪ຠᯝ 
 
5-1.  ᗎ 
 
ஙᡣ䛿⬚ቨ䛾ୖ䛻఩⨨䛧䚸⓶⭵䚸⓶ୗ⤌⧊䚸ங⭢⤌⧊䛛䜙ᵓᡂ䛥䜜䜛䚹ங⭢䛿ẕங
䜢䛴䛟䜚䚸᪂⏕ඣ䚸ஙඣ䜈䛾ᰤ㣴䜔ච␿ᶵ⬟䜢୚䛘䜛㔜せ䛺⤌⧊䛷䛒䜛䚹ங⭢䛿⭢⣽
⬊䛸䛭䜜䛻䛴䛺䛜䜛ங⟶⣽⬊䛛䜙䛺䜚ங⟶⣽⬊䛿ᮌ䛾ᯞ䛾䜘䛖䛻䛴䛺䛜䛳䛶ኴ䛟䛺䜚䚸
ங㢌䛻㛤ཱྀ䛧䛶䛔䜛䚹⭢⣽⬊䛿ᄞ≧䛻䛺䛳䛶ங⭢䛾⭢ᡣ䜢ᙧᡂ䛧䚸䛭䜜䛜 10ࠥ100
ಶ䜋䛹㞟䜎䛳䛶ᑠⴥ䜢䛴䛟䜚䚸䛥䜙䛻 20ࠥ40 㞟䜎䛳䛶䜂䛸䛴䛾ங⟶䜢ᙧᡂ䛩䜛䚹䛣䜜䜙
䛾ங⭢⤌⧊䛿⬚➽⭷䜔⭡ቨ➽⭷䛸㐃⥆䛩䜛⥺⥔ᛶ⤖ྜ⤌⧊䛻そ䜟䜜䛶䛚䜚䚸䛭䛾࿘
ᅖ䜢⬡⫫⤌⧊䛜そ䛳䛶䛔䜛䚹 
ᡃ䛜ᅜ䛷䛾ங䛜䜣ᝈ⪅䛾Ṛஸ⪅ᩘ䛸⨯ᝈ⪅ᩘ䛿ᖺ䚻ቑຍ䛧䛶䛚䜚䚸ዪᛶ䛾䛜䜣⨯
ᝈ⪅䛷䛿 1 ఩䛷䛒䜛䠄Fig. 5-1-1䠅2)䚹ங䛜䜣䛿Ⓨ⑕ึᮇ䛻἞⒪䜢⾜䛘䜜䜀἞䜛䛜䜣䛷
䛒䜛䚹䛭䛾Ⅽ䛻䛿䚸ங䛜䜣᳨デ䛻䛶᪩ᮇⓎぢ䛩䜛䛣䛸䛜㔜せ䛷䛒䜛䚹ங䛜䜣᳨デ䛻䛿䚸
ၥデ䚸どゐデ䚸䝬䞁䝰䜾䝷䝣䜱䞊᳨ᰝ䚸㉸㡢Ἴ᳨ᰝ䛺䛹䜢⾜䛔䚸ங䛜䜣䛾␲䛔䛜䛒䜛
ሙྜ䛿䚸⣽⬊デ䜔⤌⧊デ䛺䛹䛾⢭ᐦ᳨ᰝ䛻䛶デ᩿䛩䜛䚹䛧䛛䛧䚸᪥ᮏ䛷䛾ங䛜䜣᳨
デ䜢ཷ䛡䜛ே䛿ᑡ䛺䛟䚸䛭䛾⌮⏤䛸䛧䛶䚸どゐデ䛻᢬ᢠ䜢ឤ䛨䜛䛣䛸䜔䚸䝬䞁䝰䜾䝷䝣䜱
䞊䛾୙ᛌឤ䜔③䜏䚸⣽⬊デ䜔⤌⧊デ䛾౵くᛶ䛜ᣲ䛢䜙䜜䜛䚹䛣䛾䛯䜑䚸ప౵くᛶ䛾
ங䛜䜣᳨デἲ䛜ồ䜑䜙䜜䛶䛔䜛䚹 
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ங䛜䜣䛿ங⭢䜔ᑠⴥ䛛䜙Ⓨ⏕䛧䚸ᾐ₶ᛶ䛸㠀ᾐ₶ᛶ䛸⓶⭵䛻⌧䜜䜛 Paget⑓䛻ศ㢮
䛥䜜䜛䚹ங䛜䜣䛾䝇䝔䞊䝆䛿ங䛜䜣䛾䝅䝁䝸䛾኱䛝䛥䚸ங⭢䛾㡿ᇦ䛻䛒䜛䝸䞁䝟⠇㌿⛣
䛾᭷↓䚸㐲㝸㌿⛣䛾᭷↓䛻䜘䛳䛶኱䛝䛟 5ẁ㝵䛻ศ䛡䜙䜜䜛䠄Table 5-1-1䠅䚹 
 
 
Table 5-1-1 ங䛜䜣䛾⮫ᗋ⑓ᮇ 
0ᮇ ங䛜䜣䛜Ⓨ⏕䛧䛯ங⭢䛻䛸䛹䜎䛳䛶䛔䜛䚹䠄㠀ᾐ₶⒴䠅 
Ϩᮇ 䛧䛣䜚䛾኱䛝䛥䛜 2 cm௨ୗ䚸⬥ୗ䛾䝸䞁䝟⠇㌿⛣䛺䛧 
ϩᮇ 
ϩaᮇ 䛧䛣䜚䛾኱䛝䛥䛜 2 cm௨ୗ䛷䚸⬥ୗ䛾䝸䞁䝟⠇㌿⛣䛜䛒䜚 䛧䛣䜚䛾኱䛝䛥䛜 2 䡚 5 cm䛷䚸⬥ୗ䛾䝸䞁䝟⠇㌿⛣䛺䛧 
ϩbᮇ 䛧䛣䜚䛾኱䛝䛥䛜 2䡚5cm䛷䚸⬥ୗ䛾䝸䞁䝟⠇㌿⛣䛜䛒䜚 
Ϫᮇ 
Ϫaᮇ 
䛧䛣䜚䛾኱䛝䛥䛜 2 cm௨ୗ䛷䚸⬥ୗ䛾䝸䞁䝟⠇㌿⛣䛜䛒䜚䚸᭦䛻䝸䞁䝟⠇
䛜⒵╔䚸䜎䛯䛿࿘㎶䛾⤌⧊䛻ᅛᐃ䛧䛶䛔䜛≧ែ 
⬥ୗ䛾䝸䞁䝟⠇㌿⛣䛜䛺䛟⬚㦵䛾ෆഃ䛾䝸䞁䝟⠇䠄ෆ⬚䝸䞁䝟⠇䠅䛜⭘䜜
䛶䛔䜛ሙྜ 
䛧䛣䜚䛾኱䛝䛥䛜 5cm௨ୖ䛷⬥ୗ䛒䜛䛔䛿⬚㦵䛾ෆഃ䛾䝸䞁䝟⠇䜈䛾 
㌿⛣䛜䛒䜛ሙྜ 
Ϫbᮇ 
䛧䛣䜚䛾኱䛝䛥䜔⬥ୗ䛾䝸䞁䝟⠇䜈䛾㌿⛣䛾᭷↓䛻䛛䛛䜟䜙䛪䚸䛧䛣䜚䛜 
⬚ቨ䛻䛜䛳䛱䜚䛸ᅛᐃ䛧䛶䛔䜛䚸⓶⭵䛻䛧䛣䜚䛜㢦䜢ฟ䛧䛯䜚⓶⭵䛜ᔂ䜜
䛯䜚⓶⭵䛜䜐䛟䜣䛷䛔䜛≧ែ 
⅖⑕ᛶங䛜䜣 
Ϫcᮇ 
䛧䛣䜚䛾኱䛝䛥䛻䛛䛛䜟䜙䛪䚸⬥ୗ䛾䝸䞁䝟⠇䛸⬚㦵䛾ෆഃ䛾䝸䞁䝟⠇䛾 
୧᪉䛻㌿⛣䛾䛒䜛ሙྜ 
㙐㦵䛾ୖୗ䛻䛒䜛䝸䞁䝟⠇䛻㌿⛣䛜䛒䜛ሙྜ 
ϫᮇ 㐲㝸⮚ჾ䠄㦵䚸⫵䚸⫢⮚䚸⬻䠅䛻㌿⛣䛧䛶䛔䜛ሙྜ 
 
ங䛜䜣䛾἞⒪䛿୺䛻እ⛉ⓗ⒪ἲ䜔ᨺᑕ⥺⒪ἲ䚸໬Ꮫ⒪ἲ䛜⏝䛔䜙䜜䜛䚹እ⛉ⓗ⒪
ἲ䛷䛿䚸ஙᡣ䜢኱䛝䛟ษ㝖䛩䜛Ⅽ䚸ᝈ⪅䛾QOL䜢ⴭ䛧䛟ᦆ䛺䛖䚹䜎䛯ᨺᑕ⥺⒪ἲ䛷䛿䚸
⓶⭵䛾Ⓨ㉥䜔Ⲕ〓Ⰽ䛾╔Ⰽ䞉஝⇱䞉䛛䜖䜏䜔ᡭ䛾ᾋ⭘䛺䛹䛾๪స⏝䛜䛒䜛䚹໬Ꮫ⒪
ἲ䛷䛿䚸ෆศἪ⸆䜔ᢠ䛜䜣๣䚸ศᏊᶆⓗ἞⒪⸆䛾 3 ✀㢮䜢⏝䛔䛶἞⒪䜢⾜䛖䚹໬Ꮫ
⒪ἲ䛾ங䛜䜣䜈䛾౑䛔ศ䛡䛿䚸䝃䝤䝍䜲䝥ศ㢮䛷⾜䛖䚹䝃䝤䝍䜲䝥ศ㢮䛷䛿䚸䜶䝇䝖䝻
Fig. 5-1-1 ᪥ᮏ䛻䛚䛡䜛ங䛜䜣⨯ᝈ⪅ᩘ䛸Ṛஸ⪅ᩘ䛾᥎⛣ 2) 
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Table 5-1-2 ங䛜䜣䛾䝃䝤䝍䜲䝥ศ㢮 
䝍䜲䝥ศ㢮 䝩䝹䝰䞁ཷᐜయ HER2 Ki67್ 㑅ᢥ䛥䜜䜛 ⸆≀⒪ἲ ER PgR 
䝹䝭䝘䝹 Aᆺ 㝧ᛶ 㝧ᛶ 㝜ᛶ ప ෆศἪ⒪ἲ 䠄໬Ꮫ⒪ἲ䠅 
䝹䝭䝘䝹 Bᆺ 
䠄HER2㝜ᛶ䠅 
㝧ᛶ 
㝜ᛶ 
ᙅ㝧ᛶ 
㝜ᛶ 㝜ᛶ 㧗 
ෆศἪ⒪ἲ 
໬Ꮫ⒪ἲ 
䝹䝭䝘䝹 Bᆺ 
䠄HER2㝧ᛶ䠅 㝧ᛶ 
㝧ᛶ 
㝜ᛶ 㝧ᛶ ప䡚㧗 
ෆศἪ⒪ἲ 
ศᏊᶆⓗ἞⒪ 
໬Ꮫ⒪ἲ 
HER2ᆺ 㝜ᛶ 㝜ᛶ 㝧ᛶ - ศᏊᶆⓗ἞⒪ ໬Ꮫ⒪ἲ 
䝖䝸䝥䝹䝛䜺䝔䜱䝤 㝜ᛶ 㝜ᛶ 㝜ᛶ - ໬Ꮫ⒪ἲ 
 
໬Ꮫ⒪ἲ䛻䛶䛜䜣⣽⬊䜢ᨷᧁ䛩䜛䛸䚸䛜䜣⣽⬊䛿ቑṪ䜔䝍䞁䝟䜽㉁ྜᡂ䛜䛷䛝䛺䛟
䛺䜚Ṛ䛻⮳䜛䚹䛭䛾㝿䛻䛜䜣⣽⬊ෆ䛾䝍䞁䝟䜽㉁䜔㓝⣲䛜ὶฟ䛩䜛䝛䜽䝻䞊䝅䝇䜢ᘬ
䛝㉳䛣䛧䚸࿘㎶䛻⅖⑕཯ᛂ䜢♧䛩䚹䛣䜜䛜䚸ᢠ䛜䜣๣䜔ᨺᑕ⥺䛻䜘䜛䛜䜣἞⒪䛻䛚䛔
䛶๪స⏝䛸䛧䛶ㄆ㆑䛥䜜䛶䛔䜛䚹䛣䛾๪స⏝䜢ᢚṆ䛩䜛Ⅽ䛻䛿䚸䛜䜣⣽⬊䜢䜰䝫䝖䞊䝅
䝇䛻䛶ẅ䛩ᚲせ䛜䛒䜛䚹୍⯡ⓗ䛻⣽⬊䛾䜰䝫䝖䞊䝅䝇䝅䜾䝘䝹䛿䝕䝇䝺䝉䝥䝍䞊䛻䜘
䛳䛶ㄏᘬ䛥䜜䜛䚹䝕䝇䝺䝉䝥䝍䞊䛻䛿䚸⭘⒆ቯṚᅉᏊཷᐜయ 1䠄TNFR1䠅䚸Fas䠄CD95 / 
APO-1䠅䚸䝕䝇䝺䝉䝥䝍䞊3䠄DR3䠅䚸TRIAIL1ཷᐜయ䠄DR4䠅䚸TRIAIL2ཷᐜయ䠄DR5䠅䚸
䛭䛧䛶䝕䝇䝺䝉䝥䝍䞊6䠄DR6䠅䛜䛒䜛䚹䛣䛾䝕䝇䝺䝉䝥䝍䞊䛛䜙䚸䝅䜾䝘䝹䛜Ⓨಙ䛥䜜䜛
䛣䛸䛻䜘䜚䜹䝇䝨䞊䝇-8 䛜άᛶ໬䛧䚸㐃㙐ⓗ䛻䜹䝇䝨䞊䝇⤒㊰䛜✌ാ䛩䜛䚹䜎䛯䚸c-Jun
䜻䝘䞊䝊䠄JNK䠅䜢䝸䞁㓟໬䛥䛫䝭䝖䝁䞁䝗䝸䜰እ⭷㏱㐣ᛶஹ㐍䠄MOMP : mitochondrial 
outer membrane permeabilization䠅䛻䜘䜚䚸䝭䝖䝁䞁䝗䝸䜰ෆ⭷䛻ಀ␃䛥䜜䛶䛔䛯 AIF䛜ᨺ
ฟ䛥䜜䜰䝫䝖䞊䝅䝇ㄏᑟ䛩䜛䝭䝖䝁䞁䝗䝸䜰⤒㊰䜢άᛶ໬䛥䛫䜛 4)䚹ᢠ䛜䜣๣䛷䛣䛾䜘䛖䛺
⤒㊰䜢άᛶ䛥䛫䜰䝫䝖䞊䝅䝇䜢ㄏᑟ䛥䛫䜛䛣䛸䛜๪స⏝䛾㍍ῶ䜈䛸⧅䛜䜛䚹 
ᮏ❶䛷䛿䚸䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ங䛜䜣⣽⬊䛻ᑐ䛩䜛ไ䛜䜣䝯䜹䝙䝈䝮䛾ゎ᫂ཬ
䜃 in vivo 䛷䛾ங䛜䜣⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛻ᑐ䛩䜛἞⒪ຠᯝ䛻䛴䛔䛶᳨ウ䛧
䛯䚹 
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5-2.  ᐇ㦂 
5-2-1.  ヨᩱ 
 
DMPC ཬ䜃 TreC14 䛿 2-2-1 䛸ྠᵝ䛾䜒䛾䜢౑⏝䛧䛯䚹䜎䛯䚸NBDPC 䛿 3-2-1 䛸ྠ
ᵝ䛾䜒䛾䜢౑⏝䛧䛯䚹 
 
5-2-2.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ㄪ〇 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛿䚸2-2-2 䛸ྠᵝ䛾᪉ἲ䛻䛶ㄪ〇䛧䛯䚹 
 
 
5-2-3.  ⺯ග⬡㉁ྵ᭷䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ㄪ〇 
 
⺯ග⬡㉁ྵ᭷䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛿 3-2-3 䛸ྠᵝ䛾᪉ἲ䛻䛶ㄪ〇䛧䛯䚹 
 
 
5-2-4.  ౑⏝⣽⬊ 
 
䠘MCF-7䠚 
ATCC 䜘䜚㉎ධ䛧䛯䝠䝖ங⭢⒴䠄MCF-7䠅⣽⬊䜢⏝䛔䛯䚹ᇵ㣴ᇵᆅ䛸䛧䛶 90 % RPMI-
1640 / 10 % FBS䜢౑⏝䛧䛯䚹䜎䛯䚸ᇵ㣴䛿 37䉝䚸‵ᗘ 95䠂䚸CO2⃰ᗘ 5䠂䛾᮲௳䛷
⾜䛳䛯䚹 
 
䠘MDA-MB-453䠚 
RIKEN BRC 䜘䜚㉎ධ䛧䛯䝠䝖ங⭢⒴䠄MDA-MB-453䠅⣽⬊䜢⏝䛔䛯䚹ᇵ㣴ᇵᆅ䛸䛧䛶
90 % L-15 / 10 % FBS 䜢౑⏝䛧䛯䚹䜎䛯䚸ᇵ㣴䛿 T䝣䝷䝇䝁䠄EasYFlask™ Cell Culture 
Flasks䠅䜢ᐦ㛢䛧䚸37䉝䚸‵ᗘ 95䠂䛾᮲௳䛷⾜䛳䛯䚹 
 
 
5-2-5.  ౑⏝ື≀ 
 
ື≀䛿 3-2-5 䛸ྠᵝ䛾 BALB/c-R/J䝬䜴䝇䜢⏝䛔䛯䚹 
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5-2-6.  㓝⣲άᛶ ᐃἲ䜢⏝䛔䛯⣽⬊ቑṪᢚไヨ㦂 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ங䛜䜣⣽⬊䛻ᑐ䛩䜛ቑṪᢚไຠᯝ䛿䚸3-2-6 䛸ྠᵝ䛾
WST-8 assay䜢⏝䛔䛶ホ౯䛧䛯䚹 
⣽⬊(MCF-7 : 8.0×104 cells/ml, MDA-MB-453 : 2.0×105 cells/ml)䜢 100 μl/well䛷᧛
✀䛧䚸24 ᫬㛫๓ᇵ㣴䜢⾜䛳䛯䚹䛭䛾ᚋ䚸ྛヨᩱ䜢 10 μl/well ῧຍ䛧䚸䜲䞁䜻䝳䝧䞊䝖䛧
䛯(37䉝, 5%CO2, ‵ᗘ 95%, 48h)䚹48᫬㛫ᚋ䛻 Cell Counting Kit-8䜢 10 μl/wellῧ
ຍ䛧䚸2.5 ᫬㛫䛾࿊Ⰽ཯ᛂ䜢⾜䛳䛯䚹࿊Ⰽ཯ᛂᚋ䚸䝬䜲䜽䝻䝥䝺䞊䝖䝸䞊䝎䞊(VERSA 
max microplate reader, Molecular Devices)䜢⏝䛔䛶Ἴ㛗 450 nm䛾᮲௳䛷྾ගᗘ䜢 
ᐃ䛧䛯䚹 
 
 
5-2-7.  DNA᩿∦໬⋡䛾 ᐃ 
 
䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ங䛜䜣⣽⬊䛻ᑐ䛩䜛 DNA ࡢ᩿∦໬⋡ࡢ ᐃࡣࠊ3-2-7 ࡜
ྠᵝࡢ PI assayࢆ⏝࠸࡚⾜ࡗࡓࠋ 
⣽⬊䠄MCF-7 : 1.2×105 cells/ml, MDA-MB-453 : 2.0×105 cells/ml䠅䜢᧛✀䛧䚸24᫬㛫
ᇵ㣴䛧䛯䚹䛭䛾ᚋ䚸ྛヨᩱ䜢ῧຍ䛧䚸䜲䞁䜻䝳䝧䞊䝖䛧䛯䠄37䉝, 5%CO2, ‵ᗘ 95%, 
24h䠅䚹24᫬㛫ᚋ䛻⣽⬊䜢ᅇ཰䛧䚸ୖ⃈䜏䜢㝖ཤ䛧䛯ᚋ䛻 0.1% Triton-X 100䜢ῧຍ䛧
䛶ᾐ㏱໬ฎ⌮䜢䛧䛯䚹ᾐ㏱໬ฎ⌮ᚋ䛻䚸RNase 䠄1 mg/ml, SIGMA䠅䛻䜘䜚⣽⬊ෆ䛾
RNA 䜢ศゎ㝖ཤ䛧䛯䠄ᐊ , 5 min䠅䚹PBS(-)䛷෌ᠱ⃮䛧䛯䜒䛾䜢䝘䜲䝻䞁䝯䝑䝅䝳䛻㏻
㐣䛥䛫䚸䝔䝇䝖䝏䝳䞊䝤䛻ධ䜜䛯䚹PI 䜢ῧຍ䛧䛶 DNA 䜢ᰁⰍ䛧䚸䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊
䠄Cyto FLEX, beckman coulter䠅䜢⏝䛔䛶 DNA㔞䛾 ᐃ䜢⾜䛳䛯䚹ග※䛻䛿㟷䝺䞊䝄
䞊䠄Ex 488 nm, 50 mW䠅䜢౑⏝䛧䚸PE䝏䝱䞁䝛䝹䠄Em 585/42 nm䠅䜢⏝䛔䛶⺯ග᳨ฟ䜢
⾜䛳䛯䚹 
 
 
5-2-8.  TUNELἲ䜢⏝䛔䛯䜰䝫䝖䞊䝅䝇䛾ほᐹ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾䜰䝫䝖䞊䝅䝇ㄏᑟ䛾ほᐹ䛿ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾䜢⏝䛔䛶
⾜䛳䛯䚹 
TUNEL ἲ(TbT-mediated dUTP nick end labeling)54-56)䛿䚸DNA 䛾䝚䜽䝺䜸䝋䞊䝮༢
఩䛷䛾ษ᩿䜢⤌⧊䜎䛯䛿⣽⬊ෆ䛷᳨ฟ䛩䜛᪉ἲ䛸䛧䛶୍⯡ⓗ䛻⏝䛔䜙䜜䛶䛔䜛䚹 
䜰䝫䝖䞊䝅䝇䛜ㄏᑟ䛥䜜䚸DNA䛜᩿∦໬䛥䜜䜛䛣䛸䛻䜘䜚ከ䛟䛾 3’-OHᮎ➃䛜䛷䛝䜛䚹
3’-OH ᮎ➃䛻㓝⣲ TbT (Terminal deoxytransferase)䜢⏝䛔䛶䝡䜸䝏䞁ᶆ㆑䛷䛒䜛
Fluorescein -dUTP 䜢⤖ྜ䛩䜛䛣䛸䛻䜘䜚䚸⺯ග㢧ᚤ㙾䜔䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊䜢⏝䛔䛶
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䜰䝫䝖䞊䝅䝇⣽⬊䜢ྍど໬䛩䜛䛣䛸䛜ྍ⬟䛷䛒䜛䠄Fig. 3-2-8䠅䚹 
 
Fig. 3-2-8 Principle of TUNEL assay. 
⣽⬊䠄MCF-7 : 1.2×105 cells/ml, MDA-MB-453 : 2.0×105 cells/ml䠅䜢 35 mm Glass 
Bottom Uncoated Dish (Mat Tek)䛻᧛✀䠄2 ml/dish䠅䛧䚸24᫬㛫ᇵ㣴䛧䛯䚹䛭䛾ᚋ䚸ྛ
ヨᩱ䜢ῧຍ䛧䛶䜲䞁䜻䝳䝧䞊䝖䛧䛯(37䉝, 5%CO2, ‵ᗘ 95%, 24h)䚹24᫬㛫ᚋ䛻⣽⬊
䜢 10䠂୰ᛶ䝩䝹䝬䝸䞁⁐ᾮ䛻䛶ᐊ 䛷 30ศ㛫ᅛᐃ䛧䛯䚹PBS(-)䛷Ὑίᚋ䚸ᾐ㏱໬ᾮ
(0.1%䜽䜶䞁㓟䝘䝖䝸䜴䝮, 0.1% Triron-X100)䜢ຍ䛘䛶ịୖ䛷 2ศ㛫䜲䞁䜻䝳䝧䞊䝖䛧
䛯䚹ᾐ㏱໬ᾮ䜢 PBS(-)䛷Ὑί䛧䚸In Situ Cell Death Detection Kit (TbT, fluorescein -
dUTP, Roche Diagnostics)䜢ῧຍ䛧䛶 37䉝, ᬯୗ䛻䛶 60ศ㛫཯ᛂ䛥䛫䛯䚹཯ᛂᚋ䛻
PBS(-)䛷Ὑί䛧䚸TO-PRO-3 (Invitroge)䛷᰾䜢䜹䜴䞁䝍䞊ᰁⰍ䛧䛯䚹෌ᗘ PBS(-)䛷Ὑ
ίᚋ䚸㏥Ⰽ㜵Ṇ๣(5% DABCO/Glycerol-PBS)䜢ῧຍ䛧䚸ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾䛻䛶
ほᐹ䜢⾜䛳䛯䚹ග※䛻䛿䚸Ar䝺䞊䝄䞊(488 nm)䛚䜘䜃 He-Ne䝺䞊䝄䞊(633 nm)䜢⏝
䛔䛯䚹 
 
 
5-2-9.  䜹䝇䝨䞊䝇άᛶ䛾 ᐃ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ங䛜䜣⣽⬊䛻ᑐ䛩䜛䜹䝇䝨䞊䝇άᛶ䛾 ᐃࡣࠊ3-2-8 ࡜ྠ
ᵝࡢཎ⌮ࢆ⏝࠸࡚⾜ࡗࡓࠋ 
⣽⬊䠄MCF-7 : 1.2×105 cells/ml, MDA-MB-453 : 2.0×105 cells/ml䠅䜢᧛✀䛧䚸24᫬㛫
๓ᇵ㣴䛧䛯䚹䛭䛾ᚋ䚸ྛヨᩱ䜢ῧຍ䛧䛶䜲䞁䜻䝳䝧䞊䝖(37䉝, 5%CO2, ‵ᗘ 95%)䛧
24᫬㛫ᚋ䛻⣽⬊䜢ᅇ཰䛧䛯䚹3000 rpm, 3 min䛷㐲ᚰศ㞳䛧䛶ୖ⃈䜏䜢㝖ཤᚋ䚸50 μl 
(1.0×10-3 M)䛾 CaspaLux 6-J1D2, PhiPhiLux-G1D2(10% FBS), CaspaLux 8-L1D2(10% 
FBS), CaspaLux 9-M1D2(10% FBS)䛷ᠱ⃮䛧䚸37䉝䝗䝷䜲䜲䞁䜻䝳䝧䞊䝍䞊ෆ䛻䛶ᬯୗ䚸
45ศ㛫䛾᮲௳䛷ᰁⰍ䛧䛯䚹ᰁⰍᚋ䚸PBS(-)䛷Ὑί䛧䛶䝘䜲䝻䞁䝯䝑䝅䝳䜢㏻㐣䛥䛫䛶䝔
䝇䝖䝏䝳䞊䝤䛻ධ䜜䚸䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊䠄Cyto FLEX, beckman coulter䠅䜢⏝䛔䛶⺯
ග㔞䜢 ᐃ䛧䛯䚹⺯ග㔞䛾 ᐃ䛿䚸ග※䛻䛿㟷䝺䞊䝄䞊䠄Ex 488 nm, 50 mW䠅䜢౑⏝
䛧䚸FITC䝏䝱䞁䝛䝹䠄Em 525/40 nm䠅䜢⏝䛔䛶⺯ග᳨ฟ䜢⾜䛳䛯䚹 
 
TdT enzyme 
+ 
Fluorescein-12-dUTP
Nucleosome sized 
DNA fragments
98 
 
 
5-2-10.  䝭䝖䝁䞁䝗䝸䜰⭷㟁఩䛾 ᐃ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ங䛜䜣⣽⬊䝭䝖䝁䞁䝗䝸䜰⭷㟁఩䛻୚䛘䜛ᙳ㡪䛾 ᐃ䛿䚸3-
2-9 䛸ྠᵝ䛾ཎ⌮䜢⏝䛔䛶⾜䛳䛯䚹 
⣽⬊䠄MCF-7 : 1.2×105 cells/ml, MDA-MB-453 : 2.0×105 cells/ml䠅䜢᧛✀䛧䚸24᫬㛫
๓ᇵ㣴䛧䛯䚹䛭䛾ᚋ䚸ྛヨᩱ䜢ῧຍ䛧䛶䜲䞁䜻䝳䝧䞊䝖(37䉝, 5%CO2, ‵ᗘ 95%, 
24h)䛧䛯䚹ᅇ཰䛾 30 ศ๓䛻 DiOC6(3)䜢᭱⤊⃰ᗘ 40 nM 䛸䛺䜛䜘䛖䛻ῧຍ䛧(37䉝, 
5%CO2, ‵ᗘ 95%, 30 min)䚸30ศᚋ䛻⣽⬊䜢ᅇ཰䛧䛯䚹3000 rpm, 3 min䛷㐲ᚰศ㞳
䛧䛶ୖ⃈䜏䜢㝖ཤᚋ䚸PBS䛻䛶෌ᠱ⃮䛧䝘䜲䝻䞁䝯䝑䝅䝳䜢㏻㐣䛥䛫䛯ᚋ䚸䝣䝻䞊䝃䜲䝖
䝯䞊䝍䞊䛻䛶 DiOC6(3)䛾⺯ග㔞䜢 ᐃ䛧䛯䚹ග※䛻䛿 488 nm䛾✵෭ Ar 䝺䞊䝄䞊䜢
ฟຊ 15 mW䛷౑⏝䛧䚸FL1䝉䞁䝃䞊䛻䛶୍ᐃἼ㛗ᇦ(505 nm ~ 545 nm)䛷 DiOC6(3)
䛾⺯ග㔞䜢᳨ฟ䛧䛯䚹 
 
 
5-2-11  Cytochrome c 㔞䛾 ᐃ 
 
䝅䝖䜽䝻䝮 c 䛿᰾䛜䝁䞊䝗䛧䛶䛔䜛䝍䞁䝟䜽㉁䛷䚸⣽⬊㉁䛻䛶䜰䝫䝅䝖䜽䝻䝮 c 䛸䛧䛶
ྜᡂ䛥䜜䛶䝭䝖䝁䞁䝗䝸䜰䛾እ⭷䛸ෆ⭷䛾㛫䛻㐠䜀䜜䜛䚹䛭䛣䛷䚸䝦䝮䝸䜰䞊䝊䛻䜘䜚䝦
䝮᪘䛜௜ຍ䛥䜜䚸ᡂ⇍ᆺ⺮ⓑ䠄䝩䝻䝅䝖䜽䝻䝮 c 䠅䛜ྜᡂ䛥䜜䜛䚹䜰䝫䝖䞊䝅䝇䝅䜾䝘䝹
䛜䝭䝖䝁䞁䝗䝸䜰䜈ఏ㐩䛥䜜䜛䛸 MOMP 䛜㉳䛝䝅䝖䜽䝻䝮 c 䛺䛹䛾ྍ⁐ᛶ≀㉁䛜⣽⬊㉁
䜈䛸₃ฟ䛩䜛䚹₃ฟ䛧䛯䝅䝖䜽䝻䝮 c 䛿༢㔞య䛾䜰䝎䝥䝍䞊䝍䞁䝟䜽㉁䛷䛒䜛 APAF-1
䛸⤖ྜ䛧䚸APAF-1-䝅䝖䜽䝻䝮 c」ྜయ䜢ᙧᡂ䛩䜛䚹APAF-1-䝅䝖䜽䝻䝮 c」ྜయ䛿ከ㔞
య䛸䛺䜚䝥䝻䜹䝇䝨䞊䝇-9 䛸⤖ྜ䛧䚸䜰䝫䝥䝖䝋䞊䝮䜢ᙧᡂ䛩䜛䚹䛣䛾䜰䝫䝥䝖䝋䞊䝮䛻䜘
䛳䛶䜹䝇䝨䞊䝇-9䛜άᛶ໬䛥䜜䚸䜰䝫䝖䞊䝅䝇䝅䜾䝘䝹䛜ఏ㐩䛥䜜䜛䚹 
 
⣽⬊(MCF-7 : 1.2×105 cells/ml, MDA-MB-453 : 2.0×105 cells/ml)䜢᧛✀䛧䚸24᫬㛫
๓ᇵ㣴䛧䛯䚹䛭䛾ᚋ䚸ྛヨᩱ䜢ῧຍ䛧䛶䜲䞁䜻䝳䝧䞊䝖(37䉝, 5%CO2, ‵ᗘ 95%)䛧
24 ᫬㛫ᚋ䛻⣽⬊䜢ᅇ཰䛧䛯䚹4000 rpm, 3 min 䛷㐲ᚰศ㞳䛧䛶ୖ⃈䜏䜢㝖ཤᚋ䚸
Permeabilization Buffer 䛻䛶ᾐ㏱໬䜢⾜䛳䛯䠄10 min, 4䉝䠅䚹䛭䛾ᚋ Fixation Buffer 
Working Solution 䛻䛶ᅛᐃ䛧䛯䠄20 min, ᐊ 䠅䚹Blocking buffer䛻䛶Ὑί䠄5000 rpm, 
3min䠅䛧䚸෌ᗘ Blocking buffer 䛻䛶䝤䝻䝑䜻䞁䜾䛧䛯䠄30 min, ᐊ 䠅䚹䛭䛾ᚋ䚸Anti-
Cytochrome c FITC Antibody䜎䛯䛿 Anti IgG-FITC䜢ຍ䛘ᬯᡤ䛻䛶 30 minᰁⰍ䛧䛯䚹
ᰁⰍ⤊஢ᚋ䚸Blocking buffer䛻䛶Ὑί䛧䚸PBS䛻䛶෌ᠱ⃮䜢⾜䛔䝘䜲䝻䞁䝯䝑䝅䝳䜢㏻
㐣䛥䛫䛯ᚋ䚸䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊䛻䛶 Cytochrome c 䛾⺯ග㔞䜢 ᐃ䛧䛯䚹ග※䛻䛿
488 nm 䛾✵෭ Ar 䝺䞊䝄䞊䜢ฟຊ 15 mW 䛷౑⏝䛧䚸FL1 䝉䞁䝃䞊䛻䛶୍ᐃἼ㛗ᇦ
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(505 nm ~ 545 nm)䛷 Cytochrome c䛾⺯ග㔞䜢᳨ฟ䛧䛯䚹 
5-2-12.  pJNKάᛶ䛾 ᐃ 
 
JNK 䛿 c-Jun 䛾 Ser63 䛸 Ser73 䜢䝸䞁㓟໬䛩䜛άᛶ䜢ᣢ䛴䜻䝘䞊䝊䛸䛧䛶ྠᐃ䛥䜜
䛯䚹JNK 䛿ᨺᑕ⥺䜔䝸䝫ከ⢾䠄LPS䠅䚸IL-1䚸ᾐ㏱ᅽཬ䜃⇕䝅䝵䝑䜽䛺䛹䛾䝇䝖䝺䝇䛻䜘䜚
άᛶ໬䛧䚸䝇䝖䝺䝇ᛂ⟅ᛶMAPK 䠄SAPK : Stress-activated Protein Kinase䠅䛸࿧䜀䜜䜛䚹
JNK 㑇ఏᏊ䛻䛿 JNK1-3 䛜Ꮡᅾ䛧䚸JNK1,2 䛿඲㌟䛾⣽⬊䛻ᗈ䛟ศᕸ䛧䛶䛔䜛䛜䚸
JNK3 䛿୺䛻⚄⤒⣔ཬ䜃⢭ᕢ䛻䛶ከ䛟Ⓨ⌧䛧䛶䛔䜛䚹JNK 䜰䝫䝖䞊䝅䝇䜔⚄⤒ኚᛶ䚸
⣽⬊䛾ศ໬䞉ቑṪ䚸⅖⑕ᛶ䝃䜲䝖䜹䜲䞁䛾⏘⏕䛺䛹䛾㐣⛬䛻㛵୚䛧䛶䛔䜛䚹TRIAIL1
ཷᐜయ䜔ᑠ⬊య䝇䝖䝺䝇䛻䜘䜚άᛶ໬䛧䛯 JNK 䛿᰾ෆ䛻⛣⾜䛧 c-Jun 䜢䝸䞁㓟໬䛥䛫
AP-1 䜢άᛶ໬䛥䛫䜛䚹䜎䛯䚸JNK䛿䝭䝖䝁䞁䝗䝸䜰䛻ᑐ䛧 MOMP䛻䜘䜚䚸䝭䝖䝁䞁䝗䝸䜰ෆ
⭷䛻ಀ␃䛥䜜䛶䛔䛯 AIF䛜ᨺฟ䛥䜜䜰䝫䝖䞊䝅䝇ㄏᑟ䛩䜛䚹 
 
⣽⬊(MCF-7 : 1.2×105 cells/ml, MDA-MB-453 : 2.0×105 cells/ml)䜢᧛✀䛧䚸24᫬㛫
๓ᇵ㣴䛧䛯䚹䛭䛾ᚋ䚸ྛヨᩱ䜢ῧຍ䛧䛶䜲䞁䜻䝳䝧䞊䝖(37䉝, 5%CO2, ‵ᗘ 95%)䛧
24 ᫬㛫ᚋ䛻⣽⬊䜢ᅇ཰䛧䛯䚹4000 rpm, 3 min 䛷㐲ᚰศ㞳䛧䛶ୖ⃈䜏䜢㝖ཤᚋ䚸
PBS(-)䛷Ὑί䛧䛶୰ᛶ 10%䝩䝹䝬䝸䞁⁐ᾮ䜢ῧຍ䛧ᅛᐃ䛧䛯䠄4䉝, 10 min䠅䚹PBS(-)䛷
Ὑίᚋ䚸෭䝯䝍䝜䞊䝹/2.5%㓑㓟䠄-20䉝䠅䜢ῧຍ䛧䛶ᾐ㏱໬ฎ⌮䠄4䉝, 10 min䠅䜢䛧䚸5% 
BSA+0.1% Triton® X-100䛷䝤䝻䝑䜻䞁䜾䛧䛯䠄4䉝, 60 min䠅䚹Ὑίᚋ䚸PBS(-)䛷 1 : 50
䛻ᕼ㔘䛧䛯 Anti JNK(G-7) Alexa Fluor® 488- conjugated Antibody䜢 1 mlῧຍ䛧䚸60
ศ㛫ᰁⰍ䛧䛯䠄ᬯᡤ, 4䉝䠅䚹Wash Buffer䛻䛶Ὑίᚋ PBS(-)䛷෌ᠱ⃮䛧䚸䝘䜲䝻䞁䝯䝑䝅
䝳䜢㏻㐣䛥䛫䛶䝣䝻䞊䝃䜲䝖䝔䝇䝖䝏䝳䞊䝤䛻䛸䜚䚸䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊䛻䛶 pJNK 䛾⺯
ග㔞䜢 ᐃ䛧䛯䚹ග※䛻䛿䚸488 nm䛾✵෭Ar䝺䞊䝄䞊䜢ฟຊ 15 mW䛷౑⏝䛧䚸FL1
䝉䞁䝃䞊䛻䛶୍ᐃἼ㛗ᇦ(505 nm ~ 545 nm)䛷 pJNK䛾⺯ග㔞䜢᳨ฟ䛧䛯䚹 
 
 
5-2-13. ⺯ග⬡㉁ྵ᭷䝸䝫䝋䞊䝮䛾⣽⬊䜈⼥ྜ䡡⵳✚䛾 ᐃ 
 
⺯ග⬡㉁ྵ᭷䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾A549⣽⬊䜈䛾⼥ྜ䞉⵳✚䜢 4-2-10䛸ྠᵝ䛾
᪉ἲ䜢⏝䛔䛶 ᐃ䛧䛯䚹 
⁛⳦῭䜏 35mm Glass Bottom dish 䛻⣽⬊䠄MCF-7 : 1.2×105 cells/ml, MDA-MB-
453 : 2.0×105 cells/ml䠅䜢᧛✀䠄2 ml/dish䠅䛧๓ᇵ㣴䛧䛯䚹๓ᇵ㣴⤊஢ᚋ䚸ྛヨᩱ䜢ῧຍ
䛧䛯䚹ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾䜢⏝䛔䛶ヨᩱῧຍᚋ䚸0, 15, 30, 45, 60, 90ศ䛾䝍䜲䝮䝷
䝥䝇ほᐹ䜢⾜䛳䛯䚹ບ㉳Ἴ㛗䜢 488 nm䛾Ar䝺䞊䝄䞊䜢⏝䛔䚸᳨ฟ⺯ගἼ㛗 505~555 
nm䛷ほᐹ䛧䛯䚹 
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5-2-14. ⺯ග೫ගゎᾘἲ䜢⏝䛔䛯⣽⬊⭷ὶືᛶ䛾 ᐃ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ங䛜䜣⣽⬊⭷䛻୚䛘䜛ᙳ㡪䛿䚸3-2-11 䛸ྠᵝ䛾ཎ⌮䜢⏝䛔
䛶⾜䛳䛯䚹 
ᇵ㣴䛧䛯⣽⬊䜢㐲ỿ⟶䛻ᅇ཰䛧䚸1000 rpm, 5 min 䛾᮲௳䛷㐲ᚰ䛧䛯䚹䜰䝇䝢䝺䞊䝍
䞊䛻䛶ୖ⃈䜏䜢㝖ཤ䛧䚸1.0×106 cells/ml 䛻䛺䜛䜘䛖䛻㐲ỿ⟶䛻᧛✀䛧䚸HBSS 䛷ᠱ⃮
䛧䛯䚹DPH 䠄[DPH] = 2.5×10-3 M, ⁐፹ : Tetrahydrofuran䠅䜢ῧຍ䛧䠄᭱⤊⃰ᗘ : 2 
μM䠅䚸㐽ග≧ែ䛷 37Υ䛻䛶 7ศ䛤䛸䛻䝍䝑䝢䞁䜾䜢⾜䛔 35ศ㛫ᰁⰍ䛧䛯䚹HBSS䛷 3
ᅇὙίᚋ䚸2.5×105 cells/ml 䛻䛺䜛䜘䛖䛻㐲ỿ⟶䛻᧛✀䛧䛯䚹㐲ỿ⟶䛻᧛✀䛧䛯⣽⬊䜢
1 cmゅ䛾▼ⱥ䝉䝹䛻 2.5 mlศὀ䛧䚸ᚠ⎔ᜏ ᵴ୰䛷 37Υ䛻䛧䛯䚹1ศ㛫 Control䜢
 ᐃᚋ䛻ヨᩱ䜢ῧຍ䛧䚸䛜䜣⣽⬊⭷ὶືᛶ䜢 ᐃ䛧䛯䚹DPH 䛾⺯ග೫ගᙉᗘ䛿䚸ບ
㉳Ἴ㛗 357 nm䛷 432 nm䛾⺯ග೫ගᙉᗘᡂศ䜢ศග⺯ගගᗘィ䛻䛶 ᐃ䛧䛯䚹 
 
 
5-2-15.  Scratch assay䜢⏝䛔䛯㌿⛣ᢚไຠᯝ䛾᳨ウ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾㌿⛣ᢚไຠᯝ䛿 4-2-11 䛸ྠᵝ䛻⾜䛳䛯䚹 
⁛⳦῭䜏 6well 䝥䝺䞊䝖䛻⣽⬊䠄2.5㽢105 cells/ml䠅䜢᧛✀䠄2 ml/dish䠅䛧䚸24᫬㛫๓
ᇵ㣴䜢⾜䛳䛯䚹๓ᇵ㣴⤊஢ᚋ䚸⣽⬊䛜 well ෆ䛷 monolayer 䛻䛺䛳䛶䛔䜛䛾䜢☜ㄆ䛧
䛯ᚋ䚸ᐃつ䜢ᙜ䛶⣽⬊ᇵ㣴㠃䜢ᆒ୍䛻 200 μl䝏䝑䝥䛷ᘬ䛳ᥙ䛔䛶༑Ꮠ≧䛻⣽⬊䜢๤
㞳䛥䛫䛯䚹䛭䛾ᚋ䚸ᇵᆅ䜢㝖ཤ䛧䚸PBS(-)䛷Ὑί䛧䛯䚹Ὑίᚋ䚸᪂䛧䛟᏶඲ᇵᆅ䜢‶䛯
䛧䚸ヨᩱ䜢ῧຍ䛧 19 ᫬㛫ᇵ㣴䛧䛯䚹ヨᩱ䜢ῧຍ䛧䛯᫬㛫䜢 0 ᫬㛫䛸䛧䚸0 ᫬㛫䛸ᇵ㣴
ᚋ䛾 19᫬㛫ᚋ䛻ಽ❧ᆺ㢧ᚤ㙾䠄EVOS , Advanced microscopy group䠅䜢⏝䛔䛶⣽⬊
ᇵ㣴㠃䛾㢧ᚤ㙾෗┿䜢᧜ᙳ䛧䛯䚹䛺䛚ヨᩱ⃰ᗘ䛿䚸A549 ⣽⬊䛻ᑐ䛧䛶䜰䝫䝖䞊䝅䝇
䜢ㄏᑟ䛧䛺䛔⃰ᗘ䛸䛧䛯䚹᧜ᙳ䛧䛯㢧ᚤ㙾෗┿䜘䜚䚸0 ᫬㛫䛸 19 ᫬㛫ᚋ䛾⣽⬊๤㞳㠃
✚䜢䛭䜜䛮䜜ᐃ㔞໬䛧䛯䚹 
 
 
5-2-16. 䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ங䛜䜣⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛻ᑐ䛩䜛
἞⒪ᐇ㦂 
 
㧗ᗘච␿୙඲䝬䜴䝇䠄BALB/c-R/J, 7㐌㱋, 㞤䠅䛾య㔜䜢䜒䛸䛻ᒙู㐃⥆↓సⅭ໬ἲ
䛻䜘䜚⩌ศ䛡䜢⾜䛳䛯䚹䝬䜴䝇ᚋ⫼㒊⓶ୗ䛻䝬䝖䝸䝀䝹䠄50 μl䠅䛻ᠱ⃮䛧䛯⣽⬊䠄5.0㽢
106 cells/body䠅䜢⛣᳜䛧䛯䚹⛣᳜⩣᪥䛛䜙⭘⒆య✚䜢 5-1ᘧ䛛䜙 ᐃ䛧䚸ヨᩱ䜢 1᪥
1ᅇᑿ㟼⬦䛻 14᪥㛫཯᚟ᢞ୚䠄10 ml/kg䠅䛧䛯䚹⛣᳜᪥ 15┠䛻㯞㓉ୗ䛻䛶⭘⒆⤌⧊
䛾᦬ฟ䜢⾜䛳䛯䚹᦬ฟ䛧䛯⭘⒆㔜㔞䛚䜘䜃⭘⒆య✚䛻䛶἞⒪ຠᯝ䛾ホ౯䜢⾜䛳䛯䚹 
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⭘⒆య✚䠄mm3䠅 䠙 㛗⤒ 㽢 䠄▷⤒䠅2 㽢1/2䞉䞉䞉(5-1) 
 
Table 5-2-1 Dose of DMTre. 
⩌ Sample Dose (mg/kg) 
DMPC TreC14 
1 Control (5% glucose)   
2 DMPC 13.6  
3 DMTre (30mol%DMPC/ 70mol% TreC14) 13.6 26.0 
 
 
5-2-17.  TUNELᰁⰍ䛻䜘䜛䜰䝫䝖䞊䝅䝇䛾᳨ฟ 
 
TUNELἲ䜢⏝䛔䛯䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾 in vivo 䛷䛾䜰䝫䝖䞊䝅䝇ㄏᑟ䛾ホ౯䛿
3-2-14 䛸ྠᵝ䛾ཎ⌮䜢⏝䛔䛶ホ౯䛧䛯䚹 
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5-3.  ⤖ᯝ䛸⪃ᐹ 
5-3-1.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ங䛜䜣⣽⬊䛻ᑐ䛩䜛ไ䛜䜣ຠᯝ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖ங⭢䛜䜣䠄MCF-7, NDA-MB-453䠅⣽⬊䛻ᑐ䛩
䜛ไ䛜䜣ຠᯝ䜢㓝⣲άᛶ ᐃἲ䛷䛒䜛WST-8 assay䛻䛶 ᐃ䛧䛯䚹 
 
DMTre䛾MCF-7⣽⬊䛻ᑐ䛩䜛ቑṪᢚไຠᯝ䛾᳨ウ⤖ᯝ䜢 Fig.5-3-1, Fig.5-3-2䛻
♧䛩䚹DMTre䛿䚸MCF-7⣽⬊䛾⏕Ꮡ⋡䜢⃰ᗘ౫Ꮡⓗ䛻ῶᑡ䛥䛫䛯䚹䜎䛯䚸IC50್䜢
ẚ䜉䛯䛸䛣䜝 DMPC䛜 437 μM䛷䛒䜛䛾䛻ᑐ䛧䚸DMTre䛿 1/10௨ୗ䛷䛒䜛 40.9 μM
䛷䛒䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
DMTre䛾MDA-MB-453⣽⬊䛻ᑐ䛩䜛ቑṪᢚไຠᯝ䛾⤖ᯝ䜢 Fig.5-3-3, Fig.5-3-4
䛻♧䛩䚹DMTre䛿䚸MDA-MB-453⣽⬊䛾⏕Ꮡ⋡䜢⃰ᗘ౫Ꮡⓗ䛻ῶᑡ䛥䛫䛯䚹䜎䛯䚸
IC50್䜢ẚ䜉䛯䛸䛣䜝 DMPC䛜 1000 μM௨ୖ䛷䛒䜛䛾䛻ᑐ䛧䚸DMTre䛿 45 μM䛷
䛒䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
௨ୖ䛾⤖ᯝ䛛䜙䚸DMTre䛿䝠䝖ங⭢䛜䜣⣽⬊䛻ᑐ䛩䜛㢧ⴭ䛺ไ䛜䜣ຠᯝ䛜᫂䜙䛛䛸
䛺䛳䛯䚹 
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Fig. 5-3-1 Inhibitory effects of DMTre on the growth of MCF-7 cells. 
Data represent the mean ± S.E. (n = 3) 
[DMPC] = 0 ~ 1.0×10-4M,   [TreC14] = 0 ~ 2.33×10-4M 
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Fig. 5-3-2 Inhibitory concentration (IC50) of DMTre and DMPC on the growth of 
MCF-7cells. 
Data represent the mean ± S.E. (n = 3) 
Incubation time : 48 h. 
*p < 0.05 (DMPC) 
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Fig. 5-3-3 Inhibitory effects of DMTre on the growth of MDA-MB-453 cells. 
Data represent the mean ± S.E. (n = 3) 
[DMPC] = 0 ~ 1.0×10-4M,   [TreC14] = 0 ~ 2.33×10-4M 
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Fig. 5-3-4 Inhibitory concentration (IC50) of DMTre and DMPC on the growth of MDA-
MB-453 cells. 
Data represent the mean ± S.E. (n = 3) 
Incubation time : 48 h. 
*p < 0.05 (DMPC) 
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5-3-2.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ங䛜䜣⣽⬊䛻ᑐ䛩䜛䜰䝫䝖䞊䝅䝇ㄏᑟ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖ங⭢䛜䜣䠄MCF-7, NDA-MB-453䠅⣽⬊䛻ᑐ䛩
䜛䜰䝫䝖䞊䝅䝇ㄏᑟ䜢 DNA᩿∦໬⋡䛾 ᐃ䛚䜘䜃 TUNELἲ䜢⏝䛔䛯ほᐹ䛻䛶᳨ウ
䛧䛯䚹 
 
MCF-7⣽⬊䛻ᑐ䛩䜛DMTre䛻䜘䜛䜰䝫䝖䞊䝅䝇ㄏᑟ䛾᳨ウ⤖ᯝ䜢 Fig.5-3-5 , Fig.5-
3-6䛻♧䛩䚹 
䝣䝻䞊䝃䜲䝖䛾⤖ᯝ䜘䜚䚸DMTre䛿⃰ᗘ౫Ꮡⓗ䛻MCF-7⣽⬊䛾 DNA䜢᩿∦໬䛩䜛
஦䛜᫂䜙䛛䛸䛺䛳䛯䚹100 μM䛷䛿⣙ 80䠂䛸䛔䛖㧗䛔 DNA᩿∦໬⋡䛜ほ 䛥䜜䛯䚹᭦
䛻ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾䜢⏝䛔䛯ほᐹ䛛䜙䚸Controlཬ䜃䚸DMPC䛷䛿 TUNEL㝧ᛶ
䛷䛒䜛⥳Ⰽ⺯ග䛜ほᐹ䛥䜜䛺䛛䛳䛯䛾䛻ᑐ䛧䚸DMTre䛷䛿⥳Ⰽ⺯ග䛜ほᐹ䛥䜜䚸䜰䝫
䝖䞊䝅䝇ㄏᑟ䛜☜ㄆ䛥䜜䛯䚹 
MDA-MB-453 ⣽⬊䛻ᑐ䛩䜛 DMTre 䛻䜘䜛䜰䝫䝖䞊䝅䝇ㄏᑟ䛾᳨ウ⤖ᯝ䜢 Fig.5-3-
7 , Fig.5-3-8䛻♧䛩䚹DMPC 䜢ฎ⌮䛧䛯MDA-MB-453⣽⬊䛿 DNA᩿∦໬䜢ᘬ䛝㉳
䛣䛥䛺䛛䛳䛯䚹୍᪉䚸DMTre ཬ䜃 TreC14 䜢ฎ⌮䛧䛯 MDA-MB-453 ⣽⬊䛾 DNA 䛿
⃰ᗘ౫Ꮡⓗ䛻᩿∦໬⋡䛾ቑຍ䛜♧䛥䜜䛯䚹䜎䛯䚸TUNEL ᰁⰍ䛛䜙䚸DMTre ཬ䜃
TreC14ฎ⌮䛧䛯MDA-MB-453⣽⬊䛷䛿⥳Ⰽ⺯ග䛜☜ㄆ䛥䜜䛯䚹 
 
䛣䜜䜙䛾⤖ᯝ䛛䜙䚸DMTreཬ䜃 TreC14䛿ங䛜䜣⣽⬊䛻ᑐ䛧⃰ᗘ౫Ꮡⓗ䛻 DNA 䜢
᩿∦໬䛥䛫䚸䜰䝫䝖䞊䝅䝇䜢ㄏᑟ䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
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Fig. 5-3-5 Apoptotic DNA rate of MCF-7 cells treated with DMTre. 
Data represent the mean ± S.E. (n = 3) 
Incubation time : 48 h. 
*p < 0.05 (Control) 
[DMPC] = 0 ~ 1.0×10-4M,   [TreC14] = 0 ~ 2.33×10-4M 
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Fig. 5-3-6 Flurescence micrographs of MCF-7 cells treated with DMTre using confocal 
laser microscope. 
Reaction time : 48h    Scale bar : 10μm 
 [DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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Fig. 5-3-7 Apoptotic DNA rate of MDA-MB-453 cells treated with DMTre. 
Data represent the mean ± S.E. (n = 3) 
Incubation time : 48 h. 
*p < 0.05 (Control) 
 [DMPC] = 0 ~ 3.0×10-4M,   [TreC14] = 0 ~ 6.99×10-4M 
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Fig. 5-3-8 Florescence micrographs of MDA-MB-453 cells treated with DMPC and 
DMTre using confocal laser microscope. 
Reaction time : 48h    Scale bar : 10μm 
 [DMPC] = 2.0×10-4 M,    [TreC14] = 4.66×10-4 M 
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5-3-3.  䜰䝫䝖䞊䝅䝇ㄏᑟ䛻䛚䛡䜛䝅䜾䝘䝹ఏ㐩 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖ங⭢䛜䜣䠄MCF-7, NDA-MB-453䠅⣽⬊䛻ᑐ䛩
䜛䜰䝫䝖䞊䝅䝇ㄏᑟ⤒㊰䛻䛴䛔䛶䚸䝣䝻䞊䝃䜲䝖䝯䞊䝍䞊䛻䛶䜹䝇䝨䞊䝇άᛶ䚸䝭䝖䝁䞁䝗
䝸䜰⭷㟁఩䚸Cytochrome c㔞䛾ኚ໬䛚䜘䜃 pJNK㔞䛾 ᐃ䛻䜘䜚ゎ᫂䛧䛯䚹 
 
MCF-7 ⣽⬊䛾䜰䝫䝖䞊䝅䝇ㄏᑟ⤒㊰䛾᳨ウ⤖ᯝ䜢 Fig.5-3-9~ Fig.5-3-12 䛻♧䛩䚹
DMTreฎ⌮䛧䛯MCF-7⣽⬊䛿䚸Controlཬ䜃 DMPCฎ⌮䛧䛯MCF-7⣽⬊䛻ẚ䜉䚸
䜹䝇䝨䞊䝇-6, -9䛜άᛶ໬䛧䛶䛔䜛䛣䛸䛜♧䛥䜜䛯䠄Fig.5-3-9䠅䚹≉䛻䚸䜹䝇䝨䞊䝇-6, -9,
䛜⣙ 40 ~ 80 %䛸㠀ᖖ䛻㧗䛔䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹䜎䛯䚸DMTre䛾MCF-7⣽⬊䝭䝖䝁
䞁䝗䝸䜰⭷㟁఩䛻୚䛘䜛ᙳ㡪䛻䛴䛔䛶 ᐃ䛧䛯䛸䛣䜝䚸DMPC ฎ⌮䛧䛯 MCF-7 ⣽⬊䝭
䝖䝁䞁䝗䝸䜰⭷㟁఩䛿 Control 䛸ྠ䛨䛷䛒䛳䛯䚹୍᪉䚸DMTre ฎ⌮䛧䛯 MCF-7 ⣽⬊䝭䝖
䝁䞁䝗䝸䜰⭷㟁఩䛿 Control 䛸ẚ䜉᭷ព䛻⭷㟁఩䛾ῶᑡ䛜♧䛥䜜䛯䠄Fig.5-3-10䠅䚹᭦䛻䚸
䝭䝖䝁䞁䝗䝸䜰ෆ䛾 Cytochrome c 㔞䜢 ᐃ䛧䛯䛸䛣䜝䚸Control ཬ䜃 DMPC ฎ⌮䛧䛯
MCF-7 ⣽⬊䛸ẚ䜉䚸DMTre 䜢ฎ⌮䛧䛯 MCF-7 ⣽⬊䛻䛚䛔䛶䝭䝖䝁䞁䝗䝸䜰ෆ
Cytochrome c 㔞䛾ῶᑡ䛜᫂䜙䛛䛸䛺䛳䛯䠄Fig.5-3-11䠅䚹䛣䛾⤖ᯝ䛛䜙䚸DMTre 䛾
MCF-7 ⣽⬊䛻䛚䛡䜛䜰䝫䝖䞊䝅䝇ㄏᑟ䛷䛿䚸䝕䝇䝺䝉䝥䝍䞊䜢⤒⏤䛩䜛䜹䝇䝨䞊䝇-8
䛾άᛶ䛜ᙅ䛔䛣䛸䛛䜙䚸䝭䝖䝁䞁䝗䝸䜰䛛䜙䜹䝇䝨䞊䝇䜢⤒⏤䛩䜛⤒㊰䛜୺⤒㊰䛰䛸⪃䛘
䜙䜜䜛䚹䛣䛾䛣䛸䛛䜙䚸䝭䝖䝁䞁䝗䝸䜰ୖὶ䛻䛒䜛䝇䝖䝺䝇ᛂ⟅䝅䜾䝘䝹䛷䛒䜛 pJNK 㔞䛾
ኚ໬䜢 ᐃ䛧䛯䚹⤖ᯝ䜢䚸Fig.5-3-12䛻♧䛩䚹DMPCฎ⌮䛧䛯MCF-7⣽⬊䛾 pJNK㔞
䛿 Control 䛸ᕪ䛿䛺䛛䛳䛯䚹୍᪉ DMTre 䛿 MCF-7 ⣽⬊䛾 pJNK 㔞䜢 Control ཬ䜃
DMPCฎ⌮䛧䛯MCF-7⣽⬊䛸ẚ䜉᭷ព䛻ቑຍ䛥䛫䛯䚹 
MDA-MB-453⣽⬊䛾䜰䝫䝖䞊䝅䝇ㄏᑟ⤒㊰䛾᳨ウ⤖ᯝ䜢 Fig.5-3-13~ Fig.5-3-16䛻
♧䛩䚹DMTreཬ䜃 TreC14䛷ฎ⌮䛧䛯MDA-MB-453⣽⬊䛿䚸Controlཬ䜃DMPCฎ
⌮䛧䛯 MDA-MB-453 ⣽⬊䛻ẚ䜉䚸䜹䝇䝨䞊䝇-3,-6, -8, -9 䛜άᛶ໬䛧䛶䛔䜛䛣䛸䛜♧
䛥䜜䛯䠄Fig.5-3-13䠅䚹≉䛻䚸䜹䝇䝨䞊䝇-3,-6, -9,䛜⣙ 40 ~ 80 %䛸㠀ᖖ䛻㧗䛔䛣䛸䛜᫂䜙
䛛䛸䛺䛳䛯䚹䜎䛯䚸DMTre 䛾 MDA-MB-453 ⣽⬊䝭䝖䝁䞁䝗䝸䜰⭷㟁఩䛻୚䛘䜛ᙳ㡪䛻
䛴䛔䛶 ᐃ䛧䛯䛸䛣䜝䚸DMPC 䜢ฎ⌮䛧䛯 MDA-MB-453 ⣽⬊䝭䝖䝁䞁䝗䝸䜰⭷㟁఩䛿
Control 䛸ྠ䛨䛷䛒䛳䛯䚹୍᪉䚸DMTreཬ䜃 TreC14ฎ⌮䛧䛯 MDA-MB-453⣽⬊䛾䝭
䝖䝁䞁䝗䝸䜰⭷㟁఩䛿 Control 䛸ẚ䜉᭷ព䛻⭷㟁఩䛾ῶᑡ䛜♧䛥䜜䛯䠄Fig.5-3-14䠅䚹᭦
䛻䚸䝭䝖䝁䞁䝗䝸䜰ෆ䛾 Cytochrome c㔞䜢 ᐃ䛧䛯䛸䛣䜝䚸Controlཬ䜃 DMPCฎ⌮䛧䛯
MDA-MB-453 ⣽⬊䛸ẚ䜉䚸DMTre ฎ⌮䛧䛯 MDA-MB-453 ⣽⬊䛻䛚䛔䛶䝭䝖䝁䞁䝗䝸
䜰ෆ Cytochrome c 㔞䛾ῶᑡ䛜᫂䜙䛛䛸䛺䛳䛯䠄Fig.5-3-15䠅䚹䛣䛾䛣䛸䛛䜙䚸䝭䝖䝁䞁䝗䝸
䜰ୖὶ䛻䛒䜛䝇䝖䝺䝇ᛂ⟅䝅䜾䝘䝹䛷䛒䜛 pJNK 㔞䛾ኚ໬䜢 ᐃ䛧䛯䚹⤖ᯝ䜢䚸Fig.5-
3-16 䛻♧䛩䚹DMPC ฎ⌮䛧䛯 MDA-MB-453 ⣽⬊䛾 pJNK 㔞䛿 Control 䛸ᕪ䛿䛺䛛
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䛳䛯䚹୍᪉ DMTre䛿MDA-MB-453⣽⬊䛾 pJNK㔞䜢 Controlཬ䜃 DMPCฎ⌮䛧䛯
MDA-MB-453⣽⬊䛸ẚ䜉᭷ព䛻ቑຍ䛥䛫䛯䚹 
 
௨ୖ䛾⤖ᯝ䛛䜙䚸DMTre䛾䝠䝖ங⭢⒴⣽⬊䛾䜰䝫䝖䞊䝅䝇ㄏᑟ䛻䛚䛔䛶䜹䝇䝨䞊䝇䛸
䝭䝖䝁䞁䝗䝸䜰䜢௓䛧䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
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Fig. 5-3-9 Activation of caspase in MCF-7 cells  treated with DMTre. 
Data represent the mean ± S.E. (n = 3) 
Incubation time : 24 h. 
*p < 0.05 ( Control, DMPC ) 
[DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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Fig. 5-3-10 Mitochondrial transmembrane potential (ԥΨm) disruption of mitochondria 
membrane for MCF-7 cells treated with DMTre. 
Data represent the mean ± S.E. (n = 4) 
Incubation time : 24 h. 
*p < 0.05 ( Control, DMPC ) 
 [DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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Fig. 5-3-11 Cytochrome c release from mitochondria of MCF-7 cells and treated with 
DMTre. 
Data represent the mean ± S.E. (n = 3) 
Incubation time : 48 h. 
*p < 0.05 ( Control, DMPC ) 
[DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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Fig. 5-3-12 Relative expression values of pJNK in MCF-7 cells treated with DMTre. 
Data represent the mean ± S.E. (n = 3) 
Incubation time : 48 h. 
*p < 0.05 ( Control, DMPC ) 
[DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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Fig. 5-3-13Activation of caspase in MDA-MB-453 cells treated with DMTre. 
Data represent the mean ± S.E. (n = 3) 
Incubation time : 24 h. 
*p < 0.05 ( Control, DMPC ) 
 [DMPC] = 2.0×10-4 M,    [TreC14] = 4.66×10-4 M 
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Fig. 5-3-14 Mitochondrial transmembrane potential (ԥΨm) disruption of mitochondria 
membrane for MDA-MB-453 cells treated with DMTre. 
Data represent the mean ± S.E. (n = 4) 
Incubation time : 24 h. 
*p < 0.05 ( Control, DMPC ) 
 [DMPC] = 2.0×10-4 M,    [TreC14] = 4.66×10-4 M 
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Fig. 5-3-15 Cytochrome c release from mitochondria of MDA-MB-453 cells treated with 
DMTre. 
Data represent the mean ± S.E. (n = 3) 
Incubation time : 48 h. 
*p < 0.05 ( Control, DMPC ) 
 [DMPC] = 2.0×10-4 M,    [TreC14] = 4.66×10-4 M 
 
 
  
0
20000
40000
60000
80000
100000
120000
Control DMPC DMTre TreC14
F
lu
or
es
ce
ne
 in
te
ns
it
y 
(-
)
* *
121 
 
 
 
 
 
 
 
 
 
Fig. 5-3-16 Relative expression values of pJNK in MDA-MB-453 cells treated with 
DMTre. 
Data represent the mean ± S.E. (n = 1~3) 
Incubation time : 48 h. 
*p < 0.05 ( Control, DMPC ) 
[DMPC] = 2.0×10-4 M,    [TreC14] = 4.66×10-4 M 
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5-3-4.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ங䛜䜣⣽⬊⭷䜈䛾ᙳ㡪 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖ங⭢䛜䜣䠄MCF-7, MDA-MB-453䠅⣽⬊䛾⣽⬊
⭷䛻୚䛘䜛ᙳ㡪䜢⺯ග⬡㉁ྵ᭷䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⣽⬊⭷䜈䛾⼥ྜ䞉⵳✚䚸⣽
⬊⭷ὶືᛶ䛻䛴䛔䛶᳨ウ䛧䛯䚹 
MCF-7⣽⬊䛾⣽⬊⭷䜈䛾ᙳ㡪䜢᳨ウ䛧䛯⤖ᯝ䜢 Fig.5-3-19, Fig.5-3-20䛻♧䛩䚹
DMTreฎ⌮䛧䛯MCF-7⣽⬊䛿䚸Controlཬ䜃 DMPCฎ⌮䛧䛯MCF-7⣽⬊䛻ẚ䜉䚸
᫬㛫⤒㐣䛸ඹ䛻 NBDPC䛾⺯ග䛜ᙉ䛟䛺䜚䚸MCF-7⣽⬊⭷䜈⼥ྜ䞉⵳✚䛧䛶䛔䜛䛣䛸
䛜᫂䜙䛛䛸䛺䛳䛯䠄Fig.5-3-19䠅䚹䜎䛯䚸DMTre䛾MCF-7⣽⬊⭷䛻୚䛘䜛ᙳ㡪䛻䛴䛔䛶
 ᐃ䛧䛯䛸䛣䜝䚸DMTreฎ⌮䛧䛯MCF-7⣽⬊⭷䛿 Control 䛸ẚ䜉᭷ព䛻⭷ὶືᛶ䛾
ቑ኱䛜♧䛥䜜䛯䠄Fig.5-3-20䠅䚹 
MDA-MB-453⣽⬊䛾⣽⬊⭷䜈䛾ᙳ㡪䜢᳨ウ䛧䛯⤖ᯝ䜢 Fig.5-3-21~ Fig.5-3-22䛻
♧䛩䚹DMTreཬ䜃 TreC14䛷ฎ⌮䛧䛯MDA-MB-453⣽⬊䛿䚸Controlཬ䜃 DMPC
䜢ฎ⌮䛧䛯MDA-MB-453⣽⬊䛻ẚ䜉䚸᫬㛫⤒㐣䛸ඹ䛻 NBDPC䛾⺯ග䛜ᙉ䛟䛺䜚
MDA-MB-453⣽⬊⭷䜈⼥ྜ䞉⵳✚䛧䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䠄Fig.5-3-21䠅䚹䜎䛯䚸
DMTre䛾MDA-MB-453⣽⬊⭷䛻୚䛘䜛ᙳ㡪䛻䛴䛔䛶 ᐃ䛧䛯䛸䛣䜝䚸DMTreฎ⌮
䛧䛯MDA-MB-453⣽⬊⭷䛿 Control 䛸ẚ䜉᭷ព䛻⭷ὶືᛶ䛾ቑ኱䛜♧䛥䜜䛯
䠄Fig.5-3-22䠅䚹 
 
௨ୖ䛾⤖ᯝ䛛䜙䚸DMTre䛿䝠䝖ங⭢䛜䜣⣽⬊䛾⣽⬊⭷䛻⼥ྜ䞉⵳✚䛧䚸⭷ὶືᛶ䜢
ቑ኱䛥䛫䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
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Fig. 5-3-19 Fluorescence micrographs of MCF-7 cells treated with DMPC/NBDPC and 
DMTre/NBDPC, NBDPC using confocal laser microscope. 
Scale bar : 20μm   Magnification : ×40   Reaction time : 60min 
[DMPC] = 8.7×10-5 M, [TreC14] = 2.33×10-4 M, [NBDPC] = 1.3×10-5 M 
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Fig. 5-3-20 Increase in membrane fluidity of MCF-7 cells after the treatment with 
DMTre. 
*p < 0.05 ( Control) (n = 3) 
 Incubation time : 10 min. 
[DMPC] = 3.0×10-5 M,    [TreC14] = 6.99×10-5 M 
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Fig. 5-3-21 Fluorescence micrographs of MDA-MD-453 cells treated with DMPC/ 
NBDPC and DMTre/NBDPC, TreC14/NBDPC, NBDPC using confocal laser 
microscope. 
Scale bar : 20μm   Magnification : ×40   Reaction time : 60min 
[DMPC] = .7×10-5 M, [TreC14] = 2.33×10-4 M, [NBDPC] = 1.3×10-5 M 
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Fig. 5-3-22 Increase in membrane fluidity of MDA-MD-453 cells after the treatment 
with DMTre. 
*p < 0.05 ( Control) (n = 3) 
 Incubation time : 10 min. 
[DMPC] = 3.0×10-5 M,    [TreC14] = 6.99×10-5 M 
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5-3-5.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ங䛜䜣⣽⬊㐟㉮ᢚไຠᯝ 
 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖ங⭢䛜䜣䠄MCF-7䠅⣽⬊䛻ᑐ䛩䜛㐟㉮ᢚไຠ
ᯝ䛾᳨ウ䜢⣽⬊䛾஧ḟඖⓗ䛺ື䛝䜢ほ 䛩䜛 Scratch assay䜢⏝䛔䛶᳨ウ䛧䛯䚹 
DMTre 䛾 MCF-7 ⣽⬊䛻ᑐ䛩䜛㐟㉮ᢚไຠᯝ䛾᳨ウ⤖ᯝ䜢 Fig. 5-3- 23 䛻♧䛩䚹
Controlཬ䜃 DMPCฎ⌮䛧䛯 MCF-7⣽⬊䛷䛿䚸2ḟඖⓗ䛺⛣ື䛜ほᐹ䛥䜜䚸๤㞳㠃
✚䛜⊃䛟䛺䛳䛶䛔䛯䚹୍᪉䚸DMTre ฎ⌮䛧䛯 MCF-7 ⣽⬊䛷䛿䚸Control ཬ䜃 DMPC
ฎ⌮䛧䛯⣽⬊䛻ẚ䜉䛶 MCF-7 ⣽⬊䛾⛣ື䛜ᢚไ䛥䜜䚸๤㞳㠃✚䛜ከ䛟ṧ䛳䛶䛔䛯䚹
㢧ᚤ㙾෗┿䛾⣽⬊⛣ື㠃✚䜢 Image- j 䛻䛶ᐃ㔞໬䛧䛯⤖ᯝ䜢 Fig. 5-3-24 䛻♧䛩䚹
Control 䛷䛿 44.0%䚸DMPC ฎ⌮䛷䛿 44.6%䚸DMTre 䛷ฎ⌮䛧䛯 MCF-7 ⣽⬊䛷䛿
29.9%䛸䛷䛒䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
௨ୖ䛾⤖ᯝ䛛䜙 DMTre䛿䚸MCF-7⣽⬊䛻ᑐ䛧䛶㐟㉮䜢ᢚไ䛩䜛஦䛜♧䛥䜜䛯䚹 
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Fig. 5-3-23 Inhibitory effects of DMTre on the migration of MCF-7 cells using wound 
scratch assay. 
Incubation time : 24 h. 
[DMPC]=4.0×10-5 M,   [TreC14]=9.32×10-5 M 
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Fig. 5-3-24 Relative scratch area of MCF-7 cells treated with DMTre for 19h. 
Data represent the mean ± S.E. (n = 3) 
Incubation time : 24 h. 
*p < 0.05 ( Control, DMPC ) 
[DMPC] = 4.0×10-5 M,   [TreC14] = 9.32×10-5 M 
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5-3-6.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ங䛜䜣⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛻ᑐ䛩䜛἞⒪ຠ
ᯝ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖ங⭢䛜䜣䠄MDA-MB-453䠅⣽⬊⓶ୗ⛣᳜䝰䝕
䝹䝬䜴䝇䛻ᑐ䛩䜛἞⒪ຠᯝ䛻䛴䛔䛶᳨ウ䛧䛯䚹 
Fig. 5-3-25 䛻ᢞ୚ᮇ㛫୰䛾䝬䜴䝇䛾య㔜ኚ໬䜢♧䛩䚹䛔䛪䜜䛾⩌䛻䛚䛔䛶䜒ᢞ୚
ᮇ㛫୰䛾య㔜䛾ኚ໬䛿ぢ䜙䜜䛪䚸DMTre䛾ẘᛶ䛿♧䛥䜜䛺䛛䛳䛯䚹 
ᢞ୚ᮇ㛫୰䛾⭘⒆య✚䛾᥎⛣䜢 Fig. 5-3-26 䛻♧䛩䚹Control ⩌䛷䛿᫬㛫⤒㐣䛸ඹ
䛻⭘⒆䛾ቑ኱䛜☜ㄆ䛥䜜䛯䚹୍᪉䚸DMTre ᢞ୚⩌䛻䛚䛔䛶䛿⭘⒆య✚䛾ቑຍ䛜ᢚ
ไ䛥䜜䛯䚹 
ᢞ୚⤊஢⩣᪥䛻ゎ๗䛧䚸᦬ฟ䛧䛯⭘⒆䛾෗┿䜢 Fig. 5-3-27䚸⭘⒆㔜㔞䜢 Fig. 5-3-28
䛻♧䛩䚹Control⩌䛾⭘⒆㔜㔞䛜 0.110 g௨ୖ䛷䛒䜛䛾䛻ᑐ䛧䚸DMTreᢞ୚⩌䛿㢧ⴭ
䛻⭘⒆㔜㔞䛾ῶᑡ䛜☜ㄆ䛥䜜䚸DMTreᢞ୚⩌䛾⭘⒆㔜㔞䛿 Control⩌䛾⣙ 1/2䛷䛒
䜛 0.058 g䛷䛒䜚䚸DMTre䛾἞⒪ຠᯝ䛜♧䛥䜜䛯䚹 
ḟ䛻䚸TUNEL ᰁⰍ䛧䛯⭘⒆ษ∦䛾⏬ീ䜢 Fig. 5-3-29 䛻♧䛩䚹Control ⩌ཬ䜃
DMPC ᢞ୚⩌䛻䛚䛔䛶䜰䝫䝖䞊䝅䝇㝧ᛶ⣽⬊䛿☜ㄆ䛥䜜䛺䛛䛳䛯䚹୍᪉䚸DMTre ᢞ
୚⩌䛾⭘⒆䛷䛿〓Ⰽ䛾䜰䝫䝖䞊䝅䝇㝧ᛶ⣽⬊䛾㞟ᅋ䛜☜ㄆ䛥䜜䛯䛣䛸䛛䜙䚸DMTre䛾
in vivo 䛷䛾䜰䝫䝖䞊䝅䝇ㄏᑟ䛜᫂䜙䛛䛸䛺䛳䛯䚹 
䛣䜜䜙䛾⤖ᯝ䛛䜙䚸DMTre䛾䝠䝖ங⭢䛜䜣䠄MDA-MB-453䠅⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴
䝇䛻ᑐ䛩䜛㢧ⴭ䛺἞⒪ຠᯝ䛜᫂䜙䛛䛸䛺䛳䛯䚹 
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Fig. 5-3-25 Body weight change for xenograft model mice of human breast cancer 
treated with DMTre. 
Data represent the mean ± S.E. (n = 4) 
[DMPC] = 1.0×10-3M,   [TreC14] = 2.33×10-3M 
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Fig. 5-3-26 Subcutaneous tumor volume xenograft model mice of human breast cancer 
treated with DMTre 
Data represent the mean ± S.E. (n = 4) 
*p < 0.05 (Control) 
 [DMPC] = 1.0×10-3M,   [TreC14] = 2.33×10-3M 
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Fig. 5-3-27 Photographs of tumor in xenograft mous models of human breast cancer 
treated with DMTre after the inoculation MDA-MB-453 cells. 
Scale bar : 0.5 mm 
[DMPC] = 1.0×10-3 M,    [TreC14] = 2.33×10-3 M 
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Fig. 5-3-28 Therapeutic effects of DMTre for xenograft mous models of human breast 
cancer after the inoculation of MDA-MB-453 cells. 
Data represent the mean ± S.E. (n = 3 ~ 6) 
*p < 0.05 (Control, DMPC) 
 [DMPC] = 1.0×10-3 M,    [TreC14] = 2.33×10-3 M 
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Fig. 5-3-29 Induction of apoptosis for MDA-MB-453 cells for s xenograft mous models 
of human breast cancer topically administered with DMTre. 
Scale bar : 200 μm,  yellow : apoptotic cells 
[DMPC] = 1.0×10-3 M,    [TreC14] = 2.33×10-3 M 
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5-4.  ⥲ᣓ 
 
ᮏ❶䛷䛿䚸⢾⣔⏺㠃άᛶ๣ྵ᭷䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖ங⭢䛜䜣
䠄MCF-7, MDA-MB-453䠅⣽⬊䛻ᑐ䛩䜛 in vitro 䛷䛾ไ䛜䜣䝯䜹䝙䝈䝮䛾ゎ᫂䛚䜘䜃㌿
⛣ᢚไຠᯝ䛻䛴䛔䛶᳨ウ䛧䛯䚹䜎䛯䚸in vivo 䛷䛿ங䛜䜣⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇
ᑐ䛩䜛ไ䛜䜣ຠᯝ䛻䛴䛔䛶᳨ウ䛧䛯䛸䛣䜝䚸௨ୗ䛾⯆࿡῝䛔▱ぢ䛜ᚓ䜙䜜䛯䚹 
 
 
1.  DMTre䛿䚸MCF-7⣽⬊䛾⏕Ꮡ⋡䜢⃰ᗘ౫Ꮡⓗ䛻ῶᑡ䛥䛫䛯䚹䜎䛯䚸IC50್䜢
ẚ䜉䛯䛸䛣䜝 DMPC䛜 437 μM䛷䛒䜛䛾䛻ᑐ䛧䚸DMTre䛿 1/10௨ୗ䛷䛒䜛 40.9 
μM䛷䛒䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹䜎䛯䚸MDA-MB-453⣽⬊䛻ᑐ䛩䛧 DMTre䛿䚸
MDA-MB-453⣽⬊䛾⏕Ꮡ⋡䜢⃰ᗘ౫Ꮡⓗ䛻ῶᑡ䛥䛫䛯䚹䜎䛯䚸IC50್䜢ẚ䜉䛯
䛸䛣䜝 DMPC䛜 1000 μM௨ୖ䛷䛒䜛䛾䛻ᑐ䛧䚸DMTre䛿 45 μM䛷䛒䜛䛣䛸䛜᫂
䜙䛛䛸䛺䛳䛯䚹 
 
2.  MCF-7⣽⬊䛻ᑐ䛧䚸DMTre䛿⃰ᗘ౫Ꮡⓗ䛻 DNA䛜᩿∦໬䛩䜛஦䛜᫂䜙䛛䛸
䛺䛳䛯䚹䜎䛯䚸100 μM䛷䛿⣙ 80䠂䛸䛔䛖㧗䛔 DNA᩿∦໬⋡䛜ほ 䛥䜜䛯䚹᭦䛻
ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾䜢⏝䛔䛯ほᐹ䛛䜙䚸Controlཬ䜃䚸DMPC䛷䛿 TUNEL㝧
ᛶ䛷䛒䜛⥳Ⰽ⺯ග䛜ほᐹ䛥䜜䛺䛛䛳䛯䛾䛻ᑐ䛧䚸DMTre䛷䛿⥳Ⰽ⺯ග䛜ほᐹ䛥
䜜䚸䜰䝫䝖䞊䝅䝇ㄏᑟ䛜☜ㄆ䛥䜜䛯䚹䜎䛯䚸MDA-MB-453⣽⬊䛻ᑐ䛧䚸DMTre䜢
ฎ⌮䛧䛯MDA-MB-453⣽⬊䛾 DNA䛿⃰ᗘ౫Ꮡⓗ䛻᩿∦໬⋡䛾ቑຍ䛜♧䛥䜜
䛯䚹䜎䛯䚸TUNELᰁⰍ䛛䜙䚸DMTreฎ⌮䛧䛯MDA-MB-453⣽⬊䛷䛿⥳Ⰽ⺯ග
䛜☜ㄆ䛥䜜䛯䚹 
 
3. 䜰䝫䝖䞊䝅䝇ㄏᑟ⤒㊰䛾᳨ウ⤖ᯝ䛛䜙 DMTreฎ⌮䛧䛯MCF-7⣽⬊䛿䚸Control
ཬ䜃 DMPCฎ⌮䛧䛯MCF-7⣽⬊䛻ẚ䜉䚸䜹䝇䝨䞊䝇-6, -9䛜άᛶ໬䛧䛶䛔䜛䛣
䛸䛜♧䛥䜜䛯䚹≉䛻䚸䜹䝇䝨䞊䝇-6, -9,䛜⣙ 40 ~ 80 %䛸㠀ᖖ䛻㧗䛔䛣䛸䛜᫂䜙䛛䛸
䛺䛳䛯䚹䜎䛯䚸DMTre䛾MCF-7⣽⬊䝭䝖䝁䞁䝗䝸䜰⭷㟁఩䛻୚䛘䜛ᙳ㡪䛻䛴䛔䛶
 ᐃ䛧䛯䛸䛣䜝䚸DMTreฎ⌮䛧䛯MCF-7⣽⬊䝭䝖䝁䞁䝗䝸䜰⭷㟁఩䛿 Control 䛸ẚ
䜉᭷ព䛻⭷㟁఩䛾ῶᑡ䛜♧䛥䜜䛯䚹᭦䛻䚸䝭䝖䝁䞁䝗䝸䜰ෆ䛾 Cytochrome c㔞䜢
 ᐃ䛧䛯䛸䛣䜝䚸Controlཬ䜃 DMPCฎ⌮䛧䛯MCF-7⣽⬊䛸ẚ䜉䚸DMTre䜢ฎ
⌮䛧䛯MCF-7⣽⬊䛻䛚䛔䛶䝭䝖䝁䞁䝗䝸䜰ෆ Cytochrome c 㔞䛾ῶᑡ䛜᫂䜙䛛䛸䛺
䛳䛯䚹䛣䛾⤖ᯝ䛛䜙䚸DMTre䛾MCF-7⣽⬊䛻䛚䛡䜛䜰䝫䝖䞊䝅䝇ㄏᑟ䛷䛿䚸䝕䝇
䝺䝉䝥䝍䞊䜢⤒⏤䛩䜛䜹䝇䝨䞊䝇-8䛾άᛶ䛜ᙅ䛔䛣䛸䛛䜙䚸䝭䝖䝁䞁䝗䝸䜰䛛䜙䜹䝇
䝨䞊䝇䜢⤒⏤䛩䜛⤒㊰䛜୺⤒㊰䛰䛸⪃䛘䜙䜜䜛䚹䛣䛾䛣䛸䛛䜙䚸䝭䝖䝁䞁䝗䝸䜰ୖὶ
䛻䛒䜛䝇䝖䝺䝇ᛂ⟅䝅䜾䝘䝹䛷䛒䜛 pJNK㔞䛾ኚ໬䜢 ᐃ䛧䛯⤖ᯝ䚸DMTre䛿
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MCF-7⣽⬊䛾 pJNK㔞 Controlཬ䜃 DMPCฎ⌮䛧䛯MCF-7⣽⬊䛸ẚ䜉᭷ព䛻
ቑຍ䛥䛫䛯䚹MDA-MB-453⣽⬊䛾䜰䝫䝖䞊䝅䝇ㄏᑟ⤒㊰䛷䛿 DMTreฎ⌮䛧䛯
MDA-MB-453⣽⬊䛿䚸Controlཬ䜃 DMPCฎ⌮䛧䛯MDA-MB-453⣽⬊䛻ẚ
䜉䚸䜹䝇䝨䞊䝇-3,-6, -8, -9䛜άᛶ໬䛧䛶䛔䜛䛣䛸䛜♧䛥䜜䛯䚹≉䛻䚸䜹䝇䝨䞊䝇-3,-
6, -9,䛜⣙ 40 ~ 80 %䛸㠀ᖖ䛻㧗䛔䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹䜎䛯䚸DMTre䛾MDA-
MB-453⣽⬊䝭䝖䝁䞁䝗䝸䜰⭷㟁఩䛻୚䛘䜛ᙳ㡪䛻䛴䛔䛶 ᐃ䛧䛯䛸䛣䜝䚸DMTre
ฎ⌮䛧䛯MDA-MB-453⣽⬊䛾䝭䝖䝁䞁䝗䝸䜰⭷㟁఩䛿 Control 䛸ẚ䜉᭷ព䛻⭷㟁
఩䛾ῶᑡ䛜♧䛥䜜䛯䚹᭦䛻䚸䝭䝖䝁䞁䝗䝸䜰ෆ䛾 Cytochrome c㔞䜢 ᐃ䛧䛯䛸䛣䜝䚸
Controlཬ䜃 DMPCฎ⌮䛧䛯MDA-MB-453⣽⬊䛸ẚ䜉䚸DMTreฎ⌮䛧䛯
MDA-MB-453⣽⬊䛻䛚䛔䛶䝭䝖䝁䞁䝗䝸䜰ෆ Cytochrome c 㔞䛾ῶᑡ䛜᫂䜙䛛䛸
䛺䛳䛯䚹䛣䛾䛣䛸䛛䜙䚸䝭䝖䝁䞁䝗䝸䜰ୖὶ䛻䛒䜛䝇䝖䝺䝇ᛂ⟅䝅䜾䝘䝹䛷䛒䜛 pJNK
㔞䛾ኚ໬䜢 ᐃ䛧䛯䚹DMTre䛿MDA-MB-453⣽⬊䛾 pJNK㔞䜢䚸Controlཬ䜃
DMPCฎ⌮䛧䛯MDA-MB-453⣽⬊䛸ẚ䜉᭷ព䛻ቑຍ䛥䛫䛯䚹 
 
4.  䝠䝖ங⭢䛜䜣⣽⬊䛾⣽⬊⭷䜈䛾ᙳ㡪䜢᳨ウ䛧䛯⤖ᯝ DMTreฎ⌮䛧䛯MCF-7⣽
⬊䛿䚸Controlཬ䜃 DMPCฎ⌮䛧䛯MCF-7⣽⬊䛻ẚ䜉䚸᫬㛫⤒㐣䛸ඹ䛻
NBDPC䛾⺯ග䛜ᙉ䛟䛺䜚䚸MCF-7⣽⬊⭷䜈⼥ྜ䞉⵳✚䛧䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸䛺
䛳䛯䚹䜎䛯䚸DMTre䛾MCF-7⣽⬊⭷䛻୚䛘䜛ᙳ㡪䛻䛴䛔䛶 ᐃ䛧䛯䛸䛣䜝䚸
DMTreฎ⌮䛧䛯MCF-7⣽⬊⭷䛿 Control 䛸ẚ䜉᭷ព䛻⭷ὶືᛶ䛾ቑ኱䛜♧䛥
䜜䛯䚹MDA-MB-453⣽⬊䛾⣽⬊⭷䜈䛾ᙳ㡪䜢᳨ウ䛧䛯⤖ᯝ䚸DMTreฎ⌮䛧䛯
MDA-MB-453⣽⬊䛿䚸Controlཬ䜃 DMPC 䜢ฎ⌮䛧䛯MDA-MB-453⣽⬊䛻ẚ
䜉䚸᫬㛫⤒㐣䛸ඹ䛻 NBDPC䛾⺯ග䛜ᙉ䛟䛺䜚MDA-MB-453⣽⬊⭷䜈⼥ྜ䞉⵳
✚䛧䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹䜎䛯䚸DMTre䛾MDA-MB-453⣽⬊⭷䛻୚䛘䜛
ᙳ㡪䛻䛴䛔䛶 ᐃ䛧䛯䛸䛣䜝䚸DMTreฎ⌮䛧䛯MDA-MB-453⣽⬊⭷䛿 Control
䛸ẚ䜉᭷ព䛻⭷ὶືᛶ䛜ቑ኱䛧䛶䛔䜛䛣䛸䛜♧䛥䜜䛯䚹 
 
5.  DMTreฎ⌮䛧䛯MCF-7⣽⬊䛷䛿䚸Controlཬ䜃 DMPCฎ⌮䛧䛯⣽⬊䛻ẚ䜉䛶
MCF-7⣽⬊䛾⛣ື䛜ᢚไ䛥䜜䚸๤㞳㠃✚䛜ከ䛟ṧ䛳䛶䛔䛯䛣䛸䛛䜙 DMTre䛾㐟
㉮ᢚไຠᯝ䛜♧䛥䜜䛯䚹 
 
6.  DMTre䛿䝠䝖ங⭢䛜䜣䠄MDA-MB-453䠅⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛾⭘⒆䜢ῶ
ᑡ䛥䛫䚸in vivo 䛷䛾䜰䝫䝖䞊䝅䝇䛻䜘䜛἞⒪ຠᯝ䛜᫂䜙䛛䛸䛺䛳䛯䚹 
 
 
௨ୖ䛾▱ぢ䛛䜙䚸DMTre 䛿䚸䝠䝖ங⭢䛜䜣䠄MCF-7, MDA-MB-453䠅⣽⬊䛻ᑐ䛩䜛䜰
䝫䝖䞊䝅䝇ㄏᑟ䛾䝅䜾䝘䝹ఏ㐩⤒㊰䜢୍㒊ゎ᫂䛩䜛䛣䛸䛜䛷䛝䛯䚹䝖䝺䝝䝻䞊䝇䝸䝫䝋
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䞊䝮䛿ங䛜䜣⣽⬊⭷䜈⼥ྜ䞉⵳✚䛧䛯ᚋ䚸䜹䝇䝨䞊䝇-8 䛾άᛶ䛜ᙅ䛔䛣䛸䛛䜙 Fas 䜢
⤒⏤䛩䜛⤒㊰䜢୺⤒㊰䛸䛧䛶⏝䛔䛶䛔䛺䛔䛣䛸䛜♧၀䛥䜜䛯䚹䜎䛯䚸䝇䝖䝺䝇䝅䜾䝘䝹
䛷䛒䜛 pJNK 䛾ቑຍ䛛䜙䚸TNFR1 䜔ᑠ⬊య䝇䝖䝺䝇䝅䜾䝘䝹䛾άᛶ໬䛜␲䜟䜜䜛䚹
pJNK䛿䚸BCL-2 䜢㜼ᐖ䛩䜛䛣䛸䛷 MOMP 䜢ᘬ䛝㉳䛣䛧䚸ᐇ㦂⤖ᯝ䛻䛒䜛䜘䛖䛺䚸䝭䝖䝁
䞁䝗䝸䜰⭷㟁఩䛾పୗ䜔䝅䝖䜽䝻䝮 c 䛾ᨺฟ䜢ᘬ䛝㉳䛣䛩䚹䝅䝖䜽䝻䝮 c 䛿䜹䝇䝨䞊䝇-9
䜢άᛶ໬䛧䜹䝇䝨䞊䝇-3 䜢άᛶ໬䛥䛫䜛䚹䛧䛛䛧䚸MCF-7 䛻䛿䜹䝇䝨䞊䝇-3 䛜Ḟᦆ䛧
䛶䛔䜛 144)䛯䜑䚸䜹䝇䝨䞊䝇-9䛛䜙䜹䝇䝨䞊䝇-6 䜢⤒⏤䛧䜰䝫䝖䞊䝅䝇䜢ㄏᑟ䛧䛶䛔䜛䛣
䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹䛣䛾䜰䝫䝖䞊䝅䝇ㄏᑟ⤒㊰䛛䜙䜒䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛜䜰䝫䝖䞊
䝅䝇䜢ㄏᑟ䛩䜛䛣䛸䛿᫂ⓑ䛷䛒䜚๪స⏝䛾䛺䛔ங䛜䜣἞⒪⸆䛸䛧䛶ᮇᚅ䛷䛝䜛 
 
 
Fig. 5-3-29 Schematic representation of a mechanism for apoptosis of cancer cells 
induced by DMTre. 
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➨ 6❶  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾Ᏻ඲ᛶ 
6-1.  ᗎ 
 
ᡃ䛜ᅜ䛾᭱ึ䛾ẘᛶヨ㦂ἲ䛾䜺䜲䝗䝷䜲䞁䛿䚸1963 ᖺ䛾⫾ඣ䛻ཬ䜌䛩ᙳ㡪䛾ホ౯
䛻㛵䛩䜛䜺䜲䝗䝷䜲䞁䛷䛒䜛䚹䛣䜜䛿䚸1961 ᖺ䛾䝃䝸䝗䝬䜲䝗஦௳䛜䛝䛳䛛䛡䛸䛧䛶ไᐃ
䛥䜜䛯䚹䝃䝸䝗䝬䜲䝗஦௳䛿╧╀⸆䜔⫶⭠⸆䛸䛧䛶㈍኎䛥䜜䛶䛔䛯䝃䝸䝗䝬䜲䝗䜢ዷ፬䛜
᭹⏝䛧䛯ሙྜ䛻䚸䝃䝸䝗䝬䜲䝗⫾ⱆ⑕䛾᪂⏕ඣ䛜⏕䜎䜜♫఍ၥ㢟䛸䛺䛳䛯䚹᪥ᮏ䛻䛚
䛡䜛䛣䛾஦௳䛾ཎᅉ䛻䛿ᾏእ䛷౑⏝䛥䜜䛶䛔䜛᭷ྡ་⸆ရ䛻䛴䛔䛶䛿⡆᫆䛺ᑂᰝ䛻
䛶ุ᩿䛩䜛ໟᣓᘓ㆟䛸᪥ᮏ䛷䛾⮫ᗋヨ㦂䛾୙ᐇ᪋䛜ᣲ䛢䜙䜜䜛䚹䛣䛾஦௳䛻䜘䜚䚸䜰
䝯䝸䜹䛷䛿 1962ᖺ䛻㐃㑥㣗ရ䞉་⸆ရ䞉໬⢝ရἲ䛜ᨵṇ䛥䜜་⸆ရ䛾ᢎㄆ䛻䝷䞁䝎䝮
໬ẚ㍑ヨ㦂䛜ᚲせ䛸䛺䜚䚸᪥ᮏ䛷䜒ྠᵝ䛾ἲᚊᨵṇ䛜⾜䜟䜜䛯䚹䜎䛯䚸䝃䝸䝗䝬䜲䝗䛾
Ᏻ඲ᛶヨ㦂䛻䛴䛔䛶ᤐ㐀䜔⹫ഇ䛜䛒䛳䛯䛯䜑 145)䚸䜰䝯䝸䜹䛷 1978 ᖺ䛻 Good 
Laboratory Practice䠄GLP䠅䛸䛔䛖䚸⮫ᗋヨ㦂䛻䛚䛡䜛Ᏻ඲ᛶ䛾ಙ㢗ᛶ䜢☜ಖ䛩䜛䛯䜑
䛾ᇶ‽䛜ไᐃ䛥䜜䛯䚹GLP ᇶ‽䛿䚸ື≀ᐇ㦂䜢㐺ṇ䛻⾜䛔䚸ಙ㢗䛾䛒䜛䝕䞊䝍䜢స
ᡂ䛥䛫䜛ᇶ‽䛷䛒䜚䚸ヨ㦂䛾㉁䠄Quality䠅䛸Ᏻ඲ᛶ䠄Integrity䠅䛾㐺ṇ䛺ホ౯䜢⾜䛖䛣䛸䜢
┠ⓗ䛸䛧䛶䛔䜛䚹 
་⸆ရ䛿䛥䜎䛦䜎䛺໬Ꮫ≀㉁䜔ኳ↛≀䛾୰䛛䜙䝷䞁䝎䝮䛻䝇䜽䝸䞊䝙䞁䜾䜢⾜䛔䚸◊
✲䚸ᨵⰋ䜢ຍ䛘䜙䜜䛶䛝䛯䜒䛾䛷䛒䜛䚹䛧䛛䛧䚸⸆๣䛿୺స⏝䛾௚䛻䚸⏕య䛻᭷ᐖ䛺཯
ᛂ䛜⏕䛨䜛๪స⏝䜢㉳䛣䛩䛣䛸䜒ከ䛔䚹䛭䛾䛯䜑䚸㠀⮫ᗋヨ㦂䛿ேయ䛻⸆๣䜢౑⏝䛩
䜛๓䛻ᐇ㦂ື≀䛻䛶Ᏻ඲ᛶ䜢☜ㄆ䛩䜛䚹་⸆ရ䛾๪స⏝䛿୍⯡䛻ண ᅔ㞴䛷䚸㔜኱
䛺⤖ᯝ䜢ᣍ䛟䛣䛸䜒䛒䜛䚹䛣䜜䜙䛾䛥䜎䛦䜎䛺ẘᛶ䜢⪃៖䛧䚸⸆๣䛾Ᏻ඲ᛶ䛻㈨䛩䜛䛯
䜑䛻ẘᛶヨ㦂䛜⾜䜟䜜䜛䚹䛣䜜䜙䛿䚸ప-㧗ᐜ㔞䜢▷-㛗ᮇ㛫ᢞ୚䛧䚸᳨ᰝ䜢⾜䛖᭱䜒
ᇶᮏⓗ䛺୍⯡ẘᛶヨ㦂䛸䚸䛒䜙䛛䛨䜑≉ᐃ䛾ὀ┠䛩䜉䛝๪స⏝䛻↔Ⅼ䜢⤠䛳䛶⾜䛖
≉Ṧẘᛶヨ㦂䛻ศ䛡䜙䜜䜛䚹୍⯡ẘᛶヨ㦂䛿༢ᅇᢞ୚ẘᛶヨ㦂䛸཯᚟ᢞ୚ẘᛶヨ
㦂䜢⥲ᣓ䛧䛯䜒䛾䛷䛒䜚䚸䛩䜉䛶䛾་⸆ရ䛴䛔䛶⾜䜟䛺䛡䜜䜀䛺䜙䛺䛔䚹≉Ṧẘᛶヨ
㦂䛿⏕Ṫ䞉Ⓨ⏕ẘᛶヨ㦂䚸ኚ␗ཎᛶヨ㦂䚸䛜䜣ཎᛶヨ㦂䚸⓶⭵ឤసᛶヨ㦂䚸⓶⭵ග
ឤసᛶヨ㦂䚸ᢠཎᛶヨ㦂䚸౫Ꮡᛶヨ㦂䛺䛹䛜ྵ䜎䜜䜛䠄Table 6-1-1䠅146)䚹 
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Table 6-1-1 ẘᛶヨ㦂ἲ 
ẘᛶヨ㦂 ヨ㦂ෆᐜ 
୍
⯡
ẘ
ᛶ
ヨ
㦂 
༢ᅇᢞ୚ẘᛶヨ㦂 
䠄ᛴᛶẘᛶヨ㦂䠅 
့ஙື≀䛻኱㔞䛾⸆๣䜢⤒ཱྀ䜔㟼⬦䚸
⓶⭵䛺䛹䛛䜙༢ᅇᢞ୚䛧䚸⏕䛨䜛ẘᛶ䛻
䛴䛔䛶᳨ウ䛩䜛䚹 
཯᚟ᢞ୚ẘᛶヨ㦂 
䠄ளᛴᛶヨ㦂䚸៏ᛶẘᛶヨ㦂䠅 
⮫ᗋヨ㦂䛾ᢞ୚ᮇ㛫䜢⪃៖䛧䛯ᮇ㛫䠄28
᪥䚸90᪥䚸6 䞄᭶䚸1ᖺ㛫䠅䛻Ώ䜚ື≀䜈
཯᚟ᢞ୚䛧䚸䛭䛾ẘᛶ䛾✀㢮䛚䜘䜃⛬ᗘ
䜢᫂䜙䛛䛸䛩䜛䛸䛸䜒䛻䚸୰ẘ⑕≧䜢♧䛩
⸆≀㔞䛚䜘䜃䚸↓ẘᛶ㔞䜢᥎ᐃ䛩䜛䚹 
≉
Ṧ
ẘ
ᛶ
ヨ
㦂 
⏕ṪⓎ⏕ẘᛶヨ㦂 㞤㞝䛾⏕Ṫᶵ⬟䜈䛾ẘᛶ䜢䜏䜛䚹 
㑇ఏẘᛶ䠄ኚ␗ཎᛶ䠅ヨ㦂 ⸆≀䛾㑇ఏᏊ䛾ᵓ㐀䜔ᶵ⬟䜈䛾ẘᛶ䜢䜏䜛䚹 
⒴ཎᛶヨ㦂 ⸆≀䛜Ⓨ䛜䜣ᛶ≀㉁䛛䛹䛖䛛☜ㄆ䛩䜛䚹 
ᢠཎᛶヨ㦂 ⸆≀ᢠཎ䛸䛧䛶ാ䛝␗ᖖ䛺ච␿཯ᛂ䜢ᥦ♧䛩䜛䛛䜢☜ㄆ䛩䜛 
ᒁᡤ่⃭ᛶヨ㦂 ⓶⭵䜔⢓⭷䛻ᑐ䛩䜛่⃭ᛶ䜢᳨ウ䛩䜛䚹 
⁐⾑ẘᛶヨ㦂 ⸆≀䛜⁐⾑స⏝䜢♧䛥䛺䛔䛛䚸in vitro 䛚䜘䜃 in vivo 䛷☜ㄆ䛩䜛䚹 
 
ᮏ❶䛷䛿䚸䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾Ᏻ඲ᛶ䜢᳨ウ䛩䜛䛯䜑䝬䜴䝇⾑ᾮ䜢⏝䛔䛯 in 
vitro 䛷䛾⁐⾑ヨ㦂ཬ䜃 in vivo 䛷䛾 2㐌㛫཯᚟ᢞ୚ẘᛶヨ㦂䛚䜘䜃యෆືែヨ㦂
䜢⾜䛳䛯䚹 
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6-2.  ᐇ㦂 
6-2-1.  ヨᩱ 
 
DMPC ཬ䜃 TreC14 䛿 2-2-1 䛸ྠᵝ䛾䜒䛾䜢౑⏝䛧䛯䚹䜎䛯䚸NBDPC 䛿 3-2-1 䛸ྠ
ᵝ䛾䜒䛾䜢౑⏝䛧䛯䚹 
 
6-2-2.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ㄪ〇 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛿䚸2-2-2 䛸ྠᵝ䛾᪉ἲ䛻䛶ㄪ〇䛧䛯䚹 
 
6-2-3.  ⺯ග⬡㉁ྵ᭷䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ㄪ〇 
 
⺯ග⬡㉁ྵ᭷䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛿 3-2-3 䛸ྠᵝ䛾᪉ἲ䛻䛶ㄪ〇䛧䛯䚹 
 
6-2-4.  ౑⏝ື≀ 
 
ື≀䛿 3-2-5 䛸ྠᵝ䛾 BALB/c-R/J䝬䜴䝇ཬ䜃ṇᖖ䝬䜴䝇䠄BALB/cAJcl , ᪥ᮏ䜽䝺
䜰䠅䜢౑⏝䛧䛯䚹 
䝬䜴䝇䛿䚸ᜏ ᜏ‵⎔ቃୗ䠄ᐊ  24 ± 2 Υ䚸‵ᗘ 55 ± 10 %䚸↷᫂᫬㛫 12᫬㛫䠅
䛾䜽䝸䞊䞁䝹䞊䝮ෆ䛻䛶㣫⫱䛧䛯䚹Ỉ䛚䜘䜃㣵䛿䜸䞊䝖䜽䝺䞊䝤䛻䜘䜚⁛⳦䛧䛯䜒䛾䜢
⮬⏤䛻ᦤྲྀ䛥䛫䛯䚹 
 
 
6-2-5.  䝬䜴䝇⾑ᾮ䜢⏝䛔䛯⁐⾑ヨ㦂 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾Ᏻ඲ᛶ䜢᳨ウ䛩䜛䛯䜑䛻䝬䜴䝇⾑ᾮ䜢⏝䛔䛯⁐⾑ヨ㦂䜢⾜
䛳䛯䚹䝬䜴䝇䠄BALB/c-R/J䠅䜢㯞㓉ୗ䛻䛶⭡㒊ୗ኱㟼⬦䛛䜙᥇⾑䛧䚸䜶䝏䝺䞁䝆䜰䝭䞁
ᅄ㓑㓟䠄EDTA-2K䠅䛻䛶ฎ⌮ᚋ䚸⏕⌮㣗ሷỈ䛻䛶 10%䛻ᕼ㔘䛧䛯䚹䜶䝑䝨䞁䛻 10䠂⾑
ᾮ䛸ヨᩱ䜢ྠ㔞ຍ䛘 37䉝䛻䛶୍ᐃ᫬㛫䜲䞁䜻䝳䝧䞊䝖䛧䛯䚹3000 rpm䛻䛶 15 ศ㛫㐲
ᚰ䛧䛯ᚋ䚸ศගගᗘィ䜢⏝䛔䛶Ἴ㛗 560 nm䛾྾ගᗘ ᐃ䜢⾜䛳䛯䚹 
positive control䛻⁐⾑๣䛷䛒䜛 0.4% TritonX-100 / HBSS䜢ฎ⌮䛧䛯⾑ᾮ䜢⁐⾑⋡
100 䠂䛸䛧ྛ䝃䞁䝥䝹䛾⁐⾑⋡䠄䠂䠅䜢ồ䜑䛯䚹 
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6-2-6.  ṇᖖ䝬䜴䝇䛻ᑐ䛩䜛䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ᛴᛶẘᛶヨ㦂 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾 in vivo 䛻䛚䛡䜛Ᏻ඲ᛶ䛿䚸ṇᖖ䝬䜴䝇䛻ᑐ䛩䜛 2 㐌㛫཯
᚟ᢞ୚ẘᛶヨ㦂䛻䛶᳨ウ䛧䛯䚹 
ṇᖖ䝬䜴䝇䠄BALB/cAJcl, 㞤, 5 㐌㱋䠅䜢య㔜䜢䜒䛸䛻ᒙู㐃⥆↓సⅭ໬ἲ䛻䜘䜚⩌
ศ䛡䜢⾜䛳䛯䚹ヨᩱ䛾ᢞ୚⤒㊰䛿ᑿ㟼⬦ᢞ୚䛛䜙䚸1 ᪥ 1 ᅇ䛾ィ 14 ᪥㛫཯᚟ᢞ୚
䠄10 ml/kg䠅䜢⾜䛳䛯䚹ᢞ୚ᮇ㛫୰䛿య㔜 ᐃཬ䜃୍⯡≧ែほᐹ䜢⾜䛳䛯䚹 
ᢞ୚⤊஢⩣᪥䛻㯞㓉ୗ䛻䛶ゎ๗䛧䚸ୗ኱㟼⬦䛛䜙᥇⾑ཬ䜃ྛ✀⮚ჾ䛾᦬ฟ䜢⾜䛳
䛯䚹᦬ฟ䛧䛯⮚ჾ䛿⮚ჾ㔜㔞䜢 ᐃᚋ䚸෗┿᧜ᙳ䛧ほᐹ䜢⾜䛳䛯䚹᥇⾑䛧䛯⾑ᾮ䛾
୍㒊䛿 EDTA-2K䛻䛶ฎ⌮䛧䛯ᚋ⮬ື⾑⌫ ᐃჾ䠄᪥ᮏග㟁䠅䛻䜘䜚㉥⾑⌫䠄RBC䠅ᩘ䚸
ⓑ⾑⌫䠄WBC䠅ᩘ䚸䝦䝰䜾䝻䝡䞁䠄HGB䠅䚸䝦䝬䝖䜽䝸䝑䝖䠄HCT䠅䚸ᖹᆒ㉥⾑⌫ᐜ✚
䠄MCV䠅䚸ᖹᆒ㉥⾑⌫䝦䝰䜾䝻䝡䞁㔞䠄MCH䠅䚸ᖹᆒ㉥⾑⌫䝦䝰䜾䝻䝡䞁⃰ᗘ
䠄MCHC䠅䚸⾑ᑠᯈ䠄PLT䠅䚸㉥⾑⌫ᐜ✚⢏ᗘศᕸᖜ䠄RDW䠅䚸⾑ᑠᯈ䜽䝸䝑䝖䠄PCT䠅䚸ᖹ
ᆒ⾑ᑠᯈᐜ✚䠄MPV䠅䚸⾑ᑠᯈ⢏ᗘศᕸ䠄PDW䠅䜢 ᐃ䛧䛯䚹䜎䛯䚸EDTA-2K ᮍฎ⌮
䛾⾑ᾮ䛿㐲ᚰ䠄3000 rpm, 30 min䠅䛧䛶ᚓ䜙䜜䛯⾑Ύ䜢⏕໬Ꮫ⮬ືศᯒ⿦⨨䠄ᐩኈ䝗䝷
䜲䜿䝮 3500v, 3500s, ᐩኈ䝣䜲䝹䝮䝯䝕䜱䜹䝹ᰴᘧ఍♫䠅䛻䜘䜚䚸䜰䝹䜹䝸䝣䜷䝇䝣䜯䝍
䞊䝊䠄ALP䠅䚸䜰䝹䝤䝭䞁䠄ALB䠅䚸䜾䝹䝍䝭䞁㓟䜸䜻䝃䝻㓑㓟䝖䝷䞁䝇䜰䝭䝘䞊䝊䠄GOT䠅䚸
䜾䝹䝍䝭䞁㓟䝢䝹䝡䞁㓟䝖䝷䞁䝇䜰䝭䝘䞊䝊䠄GPT䠅䚸⥲䝁䝺䝇䝔䝻䞊䝹䠄TCHO䠅䚸⥲䝡䝸
䝹䝡䞁䠄TBIL䠅䚸ᒀ⣲❅⣲䠄BUN䠅䚸䜽䝺䜰䝏䝙䞁䠄CRE䠅䚸䝤䝗䜴⢾䠄GLU䠅䚸↓ᶵ䝸䞁䠄IP䠅
䜢 ᐃ䛧䛯䚹㓝⣲㢮ཬ䜃୍⯡໬Ꮫᡂศ䛿ẚⰍἲ䛸䜲䜸䞁㑅ᢥ㟁ᴟἲ䛻䜘䜚 ᐃ䜢⾜
䛳䛯䚹ẚⰍἲ䛿䚸ヨ⸆䜢⤌䜏㎸䜣䛰ከᒙศᯒ䝣䜱䝹䝮䛻᳨య䜢Ⅼ╔䛩䜛䛸䚸᳨ᰝᑐ㇟
ᡂศ䛜䝣䜱䝹䝮ෆ䛷཯㌿䛧䛶᳨ᰝᑐ㇟ᡂศ㔞䛸ẚ౛䛧䛶ⓎⰍ䛧䚸䛭䛾ⓎⰍ⃰ᗘ䜢 
ᐃ䛩䜛䛣䛸䛻䜘䜚ᐃ㔞䛩䜛䛣䛸䛜ྍ⬟䛷䛒䜛䚹 
 
 
6-2-7.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾యෆືែヨ㦂 
 
⺯ග⬡㉁ྵ᭷䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾ṇᖖ䝬䜴䝇䛻䛚䛡䜛యෆືែヨ㦂䜢⾜䛳䛯䚹 
BALB/cAJcl 䝬䜴䝇䠄㐌㱋䚸㞤䠅䛾ᑿ㟼⬦䛛䜙ヨᩱ䠄10ml/kg䠅䜢ᢞ୚䛧䛯䚹୍ᐃ᫬㛫
⤒㐣ᚋ䛻㯞㓉ୗ䛻䛶ୗ኱㟼⬦䛛䜙᥇⾑䛧᥇⾑ཬ䜃ྛ⮚ჾ䛾᦬ฟ䜢⾜䛳䛯䚹᥇⾑䛧䛯
⾑ᾮ䛿㐲ᚰ䠄3000 rpm, 30 min䠅䛧⾑Ύ䜢ศ㞳䛧䛯䚹⾑Ύ䛿ศග⺯ගගᗘィ䠄F-7100, 
HITACHI䠅䛻䜘䜚 ᐃ䜢⾜䛳䛯䚹䜎䛯䚸᦬ฟ䛧䛯⮚ჾ䛿 O.C.T.䝁䞁䝟䜴䞁䝗ໟᇙ䛧䚸䝗䝷
䜲䜰䜲䝇ୖ䛻䛶෾⤖ᅛᐃ䛧䚸-20䉝ୗ䛻䛶⤌⧊ษ∦䜢సᡂ䛧䛯䚹స〇䛧䛯ษ∦䛿䚸ගᏛ
㢧ᚤ㙾䠄BZ-X700, KEYENCE䠅䛻䛶ほᐹ䛧䛯䚹  
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6-3.  ⤖ᯝ䛸⪃ᐹ 
 
6-3-1.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⁐⾑ヨ㦂 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⾑ᾮẘᛶ䜢᳨ウ䛩䜛䛯䜑䝬䜴䝇⾑ᾮ䛻ᑐ䛩䜛⁐⾑ヨ㦂䜢
⾜䛳䛯䚹⤖ᯝ䜢 Fig. 6-3-1 䛻♧䛩䚹DMPC 䛿䛔䛪䜜䛾⃰ᗘ䛻䛚䛔䛶䜒⁐⾑⋡䛾ୖ᪼
䛿ぢ䜙䜜䛺䛛䛳䛯䚹䜎䛯 DMTre䛚䜘䜃 TreC14䛻䛚䛔䛶䛿 4.0㽢10-5 M䛻䛶ⱝᖸ䛾⁐
⾑⋡䛾ୖ᪼䛜ぢ䜙䜜䛯䛜䚸⁐⾑⋡ 20䠂௨ୗ䛷䛒䜛䛣䛸䛛䜙⾑ᾮẘᛶ䛿ప䛔䛣䛸䛜♧䛥
䜜䛯䚹 
௨ୖ䛾⤖ᯝ䛛䜙 in vitro 䛾⁐⾑ヨ㦂䛻䛚䛔䛶 DMTre䚸DMPC 䛚䜘䜃 TreC14 䛾Ᏻ
඲ᛶ䛜♧၀䛥䜜䛯䚹 
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Fig. 6-3-1 Hemolysis rate of red blood cells treated with DMTre. 
Data represent the mean ± S.E. (n =3) 
 [DMPC] =1.0 ~ 4.0×10-5M,   [TreC14] = 2.33 ~ 9.32×10-5M 
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6-3-2.  ṇᖖ䝬䜴䝇䛻ᑐ䛩䜛䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾Ᏻ඲ᛶ 
 
⮫ᗋᛂ⏝䜢┠ⓗ䛸䛧䚸䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾 in vivo 䛷䛾Ᏻ඲ᛶ䜢ṇᖖ䝬䜴䝇䜢⏝
䛔䛶᳨ウ䛧䛯䚹 
ᢞ୚ᮇ㛫୰䚸୍⯡≧ែ䛾ほᐹ䜢⾜䛳䛯䚹TreC14ᢞ୚⩌䛻䛚䛔䛶ᢞ୚ 3᪥┠䛛䜙ᑼ
ᑿ䛾⬺ⴠ䛜☜ㄆ䛥䜜䛯䠄Fig. 6-3-2䠅䛣䛸䛛䜙䚸TreC14 䛻䛚䛔䛶㔜⠜䛺๪స⏝䛜♧䛥䜜
䛯䚹䛭䛾Ⅽ䚸TreC14⩌䛻䛚䛔䛶䛿䚸⭡⭍ᢞ୚䛻䛶ᐇ㦂䜢⥅⥆䛧䛯䚹୍᪉䚸Control⩌䚸
DMPC ཬ䜃 DMTre ᢞ୚⩌䛷䛿ᑼᑿ䛿ṇᖖ䛷䛒䜚䚸Ṛஸ౛䜒↓䛔䛯䜑䚸50䠂⮴Ṛ㔞
䠄LD50 : 50䠂 Lethal Dose䠅௨ୗ䛷䛒䜛䛣䛸䛜᥎ 䛥䜜䛯䚹ᢞ୚ᮇ㛫୰䛾య㔜䛾ኚ໬䜢
Fig. 6-3-3䛻♧䛩䚹Control⩌䚸DMPCཬ䜃 DMTreᢞ୚⩌䛷䛿䚸ᢞ୚⤊஢䜎䛷య㔜䛾
኱䛝䛺ቑῶ䛿䛺䛛䛳䛯䚹୍᪉䚸TreC14ᢞ୚⩌䛻䛚䛔䛶䛿䚸య㔜䛾ῶᑡ䛜䜏䜙䜜䛯䚹᦬
ฟ䛧䛯⮚ჾ䛾෗┿䜢 Fig. 6-3-4 ~ Fig. 6-3-8䛻♧䛩䚹෗┿䛛䜙᫂䜙䛛䛾䜘䛖䛻඲䛶䛾ᢞ
୚⩌䛻䛚䛔䛶␗ᖖ䛿ぢ䜙䜜䛺䛛䛳䛯䚹ḟ䛻᦬ฟ䛧䛯⮚ჾ䛾┦ᑐ⮚ჾ㔜㔞䜢 Fig. 6-3-9
䛻♧䛩䚹DMPCཬ䜃 DMTreᢞ୚⩌䛷䛿⫵䚸ᚰ⮚䚸⫢⮚䚸⭈⮚䚸⭁⮚䛻䛚䛔䛶┦ᑐ⮚
ჾ㔜㔞䛿䚸Control⩌䛸ኚ䜟䜙䛺䛛䛳䛯䚹୍᪉䚸TreC14ᢞ୚⩌䛻䛚䛔䛶䛿ᚰ⮚䚸⫢⮚䚸
⭈⮚䛷䛿┦ᑐ⮚ჾ㔜㔞䛿䚸Control ⩌䛸ኚ䜟䜙䛺䛛䛳䛯䛾䛻ᑐ䛧䚸⭁⮚䛻䛚䛔䛶┦ᑐ
⮚ჾ㔜㔞䛾ቑຍ䛜☜ㄆ䛥䜜䛯䚹 
Fig. 6-3-10 ~ Fig. 6-3-12䛻⾑ᾮᏛ᳨ᰝ䛾⤖ᯝ䜢♧䛩䚹DMTreᢞ୚⩌䛷䛿䚸㉥⾑⌫
䠄RBC䠅ᩘ䚸ⓑ⾑⌫䠄WBC䠅ᩘ䚸䝦䝰䜾䝻䝡䞁䠄HGB䠅䚸䝦䝬䝖䜽䝸䝑䝖䠄HCT䠅䚸ᖹᆒ㉥⾑
⌫ᐜ✚䠄MCV䠅䚸ᖹᆒ㉥⾑⌫䝦䝰䜾䝻䝡䞁㔞䠄MCH䠅䚸ᖹᆒ㉥⾑⌫䝦䝰䜾䝻䝡䞁⃰ᗘ
䠄MCHC䠅䚸㉥⾑⌫ᐜ✚⢏ᗘศᕸᖜ䠄RDW䠅䚸⾑ᑠᯈ䜽䝸䝑䝖䠄PCT䠅䚸ᖹᆒ⾑ᑠᯈᐜ✚
䠄MPV䠅䚸⾑ᑠᯈ⢏ᗘศᕸ䠄PDW䠅䛾㡯┠䛻䛚䛔䛶 Control⩌䛸ྠᵝ䛷䛒䛳䛯䚹䛧䛛䛧䚸
⾑ᑠᯈ䠄PLT䠅䛾ῶᑡ䛜☜ㄆ䛥䜜䛯䚹DMPCᢞ୚⩌䛷䛿䚸PLT䛾ῶᑡཬ䜃䚸MPV䛾ቑ
኱䛜ぢ䜙䜜䛯䛜䛭䜜௨እ䛾㡯┠䛷䛿኱䛝䛺␗ᖖ䛿ぢ䜙䜜䛺䛛䛳䛯䚹䜎䛯䚸TreC14 ᢞ
୚⩌䛻䛚䛔䛶 PLT䛾ῶᑡཬ䜃WBC䚸HCT䚸PCT䛾್䛾ቑຍ䛜☜ㄆ䛥䜜䛯䚹 
ḟ䛻⏕໬Ꮫ᳨ᰝ䛾⤖ᯝ䜢 Fig. 6-3-13, Fig. 6-3-14䛻♧䛩䚹DMTre䛚䜘䜃 DMPCᢞ
୚⩌䛷䛿䜰䝹䜹䝸䝣䜷䝇䝣䜯䝍䞊䝊䠄ALP䠅䚸䜰䝹䝤䝭䞁䠄ALB䠅䚸䜾䝹䝍䝭䞁㓟䜸䜻䝃䝻㓑
㓟䝖䝷䞁䝇䜰䝭䝘䞊䝊䠄GOT䠅䚸䜾䝹䝍䝭䞁㓟䝢䝹䝡䞁㓟䝖䝷䞁䝇䜰䝭䝘䞊䝊䠄GPT䠅䚸⥲䝁
䝺䝇䝔䝻䞊䝹䠄TCHO䠅䚸⥲䝡䝸䝹䝡䞁䠄TBIL䠅䚸ᒀ⣲❅⣲䠄BUN䠅䚸䜽䝺䜰䝏䝙䞁䠄CRE䠅䚸
䝤䝗䜴⢾䠄GLU䠅䚸↓ᶵ䝸䞁䠄IP䠅䛾್䛿 Control⩌䛸ྠᵝ䛷䛒䜚኱䛝䛺␗ᖖ䛿ぢ䜙䜜䛺䛛
䛳䛯䚹୍᪉䚸TreC14 ᢞ୚⩌䛷䛿 GOT䚸GPT 䛾ୖ᪼䛜ぢ䜙䜜⫢⮚ᶵ⬟䜈䛾㞀ᐖ䛜♧
䛥䜜䛯䚹 
䛣䜜䜙䛾⤖ᯝ䛛䜙䚸DMTre ཬ䜃䚸DMPC ᢞ୚⩌䛻䛚䛔䛶䛿㔜⠜䛺๪స⏝䛜☜ㄆ䛥
䜜䛺䛛䛳䛯䛣䛸䛛䜙 in vivo 䛷䛾Ᏻ඲ᛶ䛜☜ㄆ䛥䜜䛯䚹䛧䛛䛧䚸TreC14 ᢞ୚⩌䛷䛿ほ
ᐹ୰䛻ᑼᑿ䛜ษ䜜䛯䛣䛸䜔䚸⭁⮚㔜㔞䛾ቑຍ䚸⾑ᾮ᳨ᰝ䛾⤖ᯝ䛛䜙㔜⠜䛺๪స⏝䛜
䛒䜛䛣䛸䛜♧䛥䜜䛯䚹  
146 
 
 
 
 
 
 
 
 
 
 
Fig. 6-3-2 Photographs of tail of normal mouse administered with DMTre 
 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
Scale bar䠖2cm 
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Fig. 6-3-3 Body changes for normal mice intravenously administered with DMTre with 
two weeks. 
Data represent the mean ± S.E. (n = 4 ~ 8) 
 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 6-3-4 Photographs of lung of normal mice intravenously administered with DMTre 
with two weeks. 
Data represent the mean ± S.E. (n = 4 ~ 8) 
 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
Scale bar䠖5 mm 
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Fig. 6-3-5 Photographs of heart of normal mice intravenously administered with DMTre 
with two weeks. 
Data represent the mean ± S.E. (n = 4 ~ 8) 
 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
Scale bar䠖5 mm 
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Fig. 6-3-6 Photographs of liver of normal mice intravenously administered with DMTre 
with two weeks. 
Data represent the mean ± S.E. (n = 4 ~ 8) 
 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
Scale bar䠖5 mm 
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Fig. 6-3-7 Photographs of kidney of normal mice intravenously administered with 
DMTre with two weeks. 
Data represent the mean ± S.E. (n = 4 ~ 8) 
 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
Scale bar䠖5 mm 
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Fig. 6-3-8 Photographs of spleen of normal mice intravenously administered with 
DMTre with two weeks. 
Data represent the mean ± S.E. (n = 4 ~ 8) 
 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
Scale bar䠖5 mm 
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Spleen Fig. 6-3-9  
Relative organ weight for normal mice  
intravenously administered with DMTre for 
two weeks. 
Data represent the mean ± S.E. (n = 8) 
[DMPC] =4.0×10-3M 
[TreC14] = 5.32×10-3M 
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Fig. 6-3-10 Hematological findings for normal mice intravenously administered with 
DMTre for two weeks. 
Data represent the mean ± S.E. (n = 4 ~ 8) 
 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 6-3-11 Hematological findings for normal mice intravenously administered with 
DMTre for two weeks. 
Data represent the mean ± S.E. (n = 1 ~ 8) 
 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 6-3-12 Hematological findings for normal mice intravenously administered with 
DMTre for two weeks. 
Data represent the mean ± S.E. (n = 1 ~ 8) 
 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 6-3-13  Biological findings for normal mice intravenously administered with 
DMTre for two weeks. 
Data represent the mean ± S.E. (n = 1 ~ 8) 
[DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 6-3-14  Biological findings for normal mice intravenously administered with 
DMTre for two weeks. 
Data represent the mean ± S.E. (n = 1 ~ 8) 
[DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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6-3-3.  䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾యෆືែ 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾యෆືែ䜢᳨ウ䛩䜛䛯䜑䛻䚸䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛻⺯ග
ᶆ㆑⬡㉁䜢ྵ᭷䛥䛫䚸ṇᖖ䝬䜴䝇䛻ᑐ䛩䜛యෆືែヨ㦂䜢⾜䛳䛯䚹 
⺯ග⬡㉁ྵ᭷䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮ᢞ୚ᚋ䛾⾑Ύ୰䛾⺯ගᙉᗘ䜢⺯ගศගගᗘ
ィ䛻䛶 ᐃ䛧䛯⤖ᯝ䜢 Fig. 6-3-15 䛻♧䛩䚹DMTre ཬ䜃 DMPC ᢞ୚⩌䛾⾑Ύ୰䛾
NBDPC䛾⺯ගᙉᗘ䛿ᢞ୚┤ᚋ䛻᭱኱䛸䛺䜚᫬㛫⤒㐣䛸ඹ䛻ῶᑡ䛧䛯䚹 
⺯ග⬡㉁ྵ᭷䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮ᢞ୚ᚋ䛾ྛ⤌⧊䛾⺯ග⏬ീ䜢Fig. 6-3-16 ~ Fig. 
6-3-21䛻♧䛩䚹DMTreཬ䜃 DMPC䛻䛚䛔䛶 5ศᚋ䛾⫢⮚䛻䛚䛔䛶⥳Ⰽ⺯ග䛜☜ㄆ
䛥䜜䛯䚹䛧䛛䛧䚸1᫬㛫ᚋ௨㝆䛾⫢⮚䛷䛿⺯ග䛿☜ㄆ䛥䜜䛺䛛䛳䛯䚹 
௨ୖ䛾⤖ᯝ䛛䜙䚸DMTreཬ䜃 DMPC䛿㟼⬦ᢞ୚┤ᚋ䛻⾑୰⃰ᗘ䛜᭱኱䛸䛺䜚䚸ᢞ
୚ 1᫬㛫ᚋ䛻䛿⫢⮚䛛䜙௦ㅰ䛥䜜䚸㛗᫬㛫䛾⮚ჾ䜈䛾㞟✚䛜䛺䛟Ᏻ඲䛷䛒䜛䛣䛸䛜♧
䛥䜜䛯䚹 
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Fig. 6-3-15  Fluorescence intensity of NBDPC in serum of normal mice after the 
intravenous administration of DMTre / NBDPC. 
Data represent the mean ± S.E. (n = 2) 
[DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 6-3-16  Fluorescence micrographs of brain section of normal mice after the 
intravenous administration of DMTre / NBDPC 
Scale bar䠖400 μm 
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Fig. 6-3-17  Fluorescence micrographs of lung section of normal mice after the 
intravenous administration of DMTre / NBDPC 
 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
Scale bar䠖400 μm 
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Fig. 6-3-18  Fluorescence micrographs of heart section of normal mice after the 
intravenous administration of DMTre / NBDPC 
Scale bar䠖400 μm 
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Fig. 6-3-19  Fluorescence micrographs of liver section of normal mice after the 
intravenous administration of DMTre / NBDPC 
Scale bar䠖400 μm 
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Fig. 6-3-20  Fluorescence micrographs of spleen section of normal mice after the 
intravenous administration of DMTre / NBDPC 
Scale bar䠖400 μm 
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Fig. 6-3-21  Fluorescence micrographs of kidney sectioni of normal mice after the 
intravenous administration of DMTre / NBDPC 
Scale bar䠖400 μm 
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6-4.  ⥲ᣓ 
 
ᮏ❶䛷䛿䚸⢾⣔⏺㠃άᛶ๣ྵ᭷䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾Ᏻ඲ᛶ䛻䛴䛔䛶
᳨ウ䛧䛯䛸䛣䜝䚸௨ୗ䛾ᵝ䛺⯆࿡῝䛔▱ぢ䛜ᚓ䜙䜜䛯䚹 
 
 
1.  DMTre䚸DMPC䛚䜘䜃 TreC14䛿 in vitro 䛾⁐⾑ヨ㦂䛻䛚䛔䛶⾑ᾮ䛾⁐⾑䛜
ぢ䜙䜜䛪䚸DMTre䚸DMPC䛚䜘䜃 TreC14䛾Ᏻ඲ᛶ䛜♧၀䛥䜜䛯䚹 
 
2.  TreC14ᢞ୚⩌䛷䛿ほᐹ୰䛻ᑼᑿ䛜ษ䜜䛯䛣䛸䜔䚸⭁⮚㔜㔞䛾ቑຍ䚸⾑ᾮ᳨ᰝ
䛾⤖ᯝ䛛䜙๪స⏝䛜䛒䜛䛣䛸䛜♧၀䛥䜜䛯䚹 
 
3.  DMTreཬ䜃䚸DMPCᢞ୚⩌䛻䛚䛔䛶⾑ᾮ᳨ᰝ䜔⏕໬Ꮫ᳨ᰝ䛻䛚䛔䛶␗ᖖ䛜
☜ㄆ䛥䜜䛺䛛䛳䛯䛣䛸䛛䜙 in vivo 䛷䛾Ᏻ඲ᛶ䛜☜ㄆ䛥䜜䛯䚹 
 
4.  DMTreཬ䜃 DMPC䛿㟼⬦ᢞ୚┤ᚋ䛻⾑୰⃰ᗘ䛜᭱኱䛸䛺䜚䚸ᢞ୚ 1᫬㛫ᚋ
䛻䛿⫢⮚䛛䜙௦ㅰ䛥䜜䚸㛗᫬㛫䛾⮚ჾ䜈䛾㞟✚䛜䛺䛟Ᏻ඲䛷䛒䜛䛣䛸䛜♧䛥䜜
䛯䚹 
 
௨ୖ䛾▱ぢ䛛䜙䚸DMTre 䛿䚸䝬䜴䝇⾑ᾮ䛚䜘䜃ṇᖖ䝬䜴䝇ᑐ䛩䜛Ᏻ඲ᛶ䛜☜ㄆ䛥䜜䚸
๪స⏝䛾䛺䛔἞⒪⸆䛸䛧䛶ᮇᚅ䛷䛝䜛䚹 
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➨ 7❶  ⥲ㄽ 
 
ᡃ䛜ᅜ䛾䛜䜣ᑐ⟇䛿䚸䛜䜣◊✲䜢䛭䛾ᇶᮏ䛻ᤣ䛘䚸1984ᖺ䛾ᑐ䛜䜣 10 䞃ᖺ⥲ྜ
ᡓ␎䚸1994ᖺ䛾䛜䜣ඞ᭹᪂ 10 䞃ᖺᡓ␎䚸2004ᖺ䛾➨ 3ḟᑐ䛜䜣 10䛛ᖺ⥲ྜᡓ␎
䛸䛔䛖 10ᖺ༢఩䛷ᡓ␎ⓗ䛻㐍䜑䜙䜜䛶䛔䜛䚹䛣䜜䜎䛷䛾䛜䜣◊✲䛾ᡂᯝ䛻䜘䜛デ᩿䞉
἞⒪ἲ䛺䛹䛾㐍Ṍ䛸䛭䛾ᬑཬ䛻䜘䛳䛶䚸5ᖺ⏕Ꮡ⋡䜒ᨵၿ䛜㐍䜏䚸⌧ᅾ䛷䛿䛜䜣඲య
䛷⣙ 6๭䛾᪉䛜᏶἞䛷䛝䜛䛸⪃䛘䜙䜜䜛䜘䛖䛻䛺䛳䛶䛔䜛䚹䛧䛛䛧䚸௒䛺䛚ᡃ䛜ᅜ䛾Ṛ
ᅉ䛾➨୍఩䛿䛜䜣䛷䛒䜛䛣䛸䛛䜙䚸䛜䜣䛾⨯ᝈ⋡䛸Ṛஸ⋡䛾⃭ῶ䜢䜑䛦䛧䛶 2014ᖺ
ᗘ䛛䜙ᩥ㒊⛉Ꮫ┬䚸ཌ⏕ປാ┬䜔⤒῭⏘ᴗ┬䛜୍య䛸䛺䜚䛂䛜䜣◊✲ 10䛛ᖺᡓ␎䛃
䛜ᐃ䜑䜙䜜䛯䚹䛣䛾ᡓ␎䛷䛿䚸䛜䜣䛾ᮏែゎ᫂◊✲䛸䛣䜜䛻ᇶ䛵䛟㠉᪂ⓗ䛺ண㜵䚸᪩
ᮇⓎぢ䚸デ᩿䚸἞⒪䛻ಀ䜛ᢏ⾡䛾ᐇ⏝໬䜢䜑䛦䛧䛯⮫ᗋ◊✲䜔䚸᪂䛯䛻ᑠඣ䛜䜣䜔
㧗㱋⪅䛾䛜䜣䚸㞴἞ᛶ䛜䜣䜔ᕼᑡ䛜䜣➼䛻㛵䛩䜛◊✲䜢ᡓ␎䛻఩⨨௜䛡䛶᥎㐍䛩
䜛䛣䛸䛸䛧䛯௚䚸඘ᐇ䛧䛯䝃䝞䜲䝞䞊䝅䝑䝥䜢ᐇ⌧䛩䜛♫఍䛾ᵓ⠏䜢䜑䛦䛧䛯◊✲䚸䛜
䜣ᑐ⟇䛾ຠᯝⓗ䛺᥎㐍䛸ホ౯䛻㛵䛩䜛◊✲➼䜢᥎㐍䛩䜛䛣䛸䛜♧䛥䜜䛯䚹 
䛜䜣἞⒪䛻䛿୺䛻䚸እ⛉⒪ἲ䚸ᨺᑕ⥺⒪ἲ䚸໬Ꮫ⒪ἲ䛜⏝䛔䜙䜜䜛䚹䛧䛛䛧䚸๰㒊
䛾἞⒵䛸඲㌟䛾ᅇ᚟䛻᫬㛫䛜䛛䛛䜛䛣䛸䜔䚸⮚ჾ䜢ษ㝖䛩䜛䛣䛸䛻䜘䛳䛶䚸⮚ჾ䜔య
䛾ᶵ⬟䛜ኻ䜟䜜䜛䛣䛸䚸ᨺᑕ⥺䛾↷ᑕ䛻䜘䜚↷ᑕ㒊఩䛾⅖⑕䜔䚸ṇᖖ⣽⬊䛻ᑐ䛧䛶ᝏ
ᙳ㡪䜢୚䛘䛶䛧䜎䛖䚹䜎䛯䚸໬Ꮫ⒪ἲ䛿 DNA䛾ྜᡂ䜢┤᥋ⓗ䜎䛯䛿㛫᥋ⓗ䛻㞀ᐖ䛩
䜛䛣䛸䛻䜘䛳䛶ቑṪ䜢㜼Ṇ䛩䜛䚹䛧䛛䛧䚸యෆ䛻䛿άⓎ䛻ቑṪ䜢⧞䜚㏉䛩ẟ㧥䚸⭠⣽
⬊䚸ⓑ⾑⌫⣔䛾⣽⬊➼䛾ṇᖖ⣽⬊䜒Ꮡᅾ䛩䜛䚹䛣䜜䜙䛾⣽⬊䛿䚸䛜䜣⣽⬊䛸ྠᵝ䛻ᢠ
䛜䜣๣䛾ᙳ㡪䜢ᙉ䛟ཷ䛡䜛䛣䛸䛸䛺䜚㔜⠜䛺๪స⏝䜢ᘬ䛝㉳䛣䛩䛣䛸䛸䛺䜛䚹䜎䛯䚸ศᏊ
ᶆⓗ⸆䛿⭘⒆⣽⬊䛾ቑṪ䚸ᾐ₶䚸㌿⛣䛻㛵䜟䜛ศᏊ䜢ᶆⓗ䛸䛧䚸⭘⒆⣽⬊䛾ቑṪ䜢
ᢚไ䛩䜛䛸䛸䜒䛻䚸⭘⒆䛾ᾐ₶䜢㜼ᐖ䛩䜛䛣䛸䛻䜘䛳䛶䚸ཎⓎ⭘⒆䛾ᢚไ䛾䜏䛺䜙䛪䚸
⭘⒆䛾㌿⛣䜢䜒ᢚไ䛩䜛䛣䛸䜢┠ⓗ䛻㛤Ⓨ䛥䜜䛯⸆๣䛷䛒䜛䚹䛧䛛䛧䚸⫵䛜䜣἞⒪䛻
⏝䛔䜙䜜䜛䜲䝺䝑䝃䛾㛫㉁ᛶ⫵⅖䛾䜘䛖䛺⮴Ṛⓗ䛺๪స⏝䛜☜ㄆ䛥䜜䛶䛔䜛䛣䛸䛜ၥ
㢟䛸䛺䛳䛯䚹 
䛜䜣἞⒪䛻᪊䛡䜛㔜⠜䛺๪స⏝䛿䚸⣽⬊Ṛ䛸ᐦ᥋䛻㛵ಀ䛧䛶䛔䜛䚹⌧ᅾ⏝䛔䜙䜜䛶
䛔䜛ᢠ䛜䜣๣䛾䜋䛸䜣䛹䛿䚸䛜䜣⣽⬊䛾䜏䛺䜙䛪ṇᖖ䛺⣽⬊䛻䜒ᙳ㡪䜢୚䛘䜛䚹ᢠ䛜
䜣๣䛿䚸ศ⿣䛾᪩䛔⣽⬊䜢䝍䞊䝀䝑䝖䛸䛧䛶ᨷᧁ䛩䜛䜒䛾䛜ከ䛔䛯䜑䚸ẚ㍑ⓗศ⿣䛾
᪩䛔ṇᖖ䛺⣽⬊䜈䛸䝎䝯䞊䝆䜢୚䛘䚸ᢠ䛜䜣๣䛾ᙳ㡪䜢ཷ䛡䛯⣽⬊䛿䝛䜽䝻䞊䝅䝇䜢
ᘬ䛝㉳䛣䛧䚸⮬㌟䛾䜏䛺䜙䛪㞄䜚ྜ䛖⣽⬊䚸䛥䜙䛻䛿䚸࿘㎶䛾ṇᖖ⤌⧊䛻䜒ᝏᙳ㡪䜢୚
䛘ᵝ䚻䛺๪స⏝䜢ᘬ䛝㉳䛣䛩䚹䛣䛾䛯䜑๪స⏝䛾㍍ῶ䛻䛿䛜䜣⣽⬊䛾Ṛ䛻᪉䜢䜰䝫䝖
䞊䝅䝇䜢㑅ᢥ䛥䛫䜛䛣䛸䛜㔜せ䛷䛒䜛 
ᮏ◊✲䛿䚸✀䚻䛾䛜䜣䛻ᑐ䛩䜛๪స⏝䛾䛺䛔᪂䛧䛔ᢠ䛜䜣๣䛾㛤Ⓨ䜢┠ⓗ䛸䛧䛯䜒
䛾䛷䛒䜛䚹䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾Ᏻ඲ᛶ䞉᭷ຠᛶ䜢☜ㄆ䛩䜛Ⅽ䛻 in vitro 䛷䛿ไ䛜
䜣䝯䜹䝙䝈䝮䛸㌿⛣ᢚไຠᯝ䛻䛴䛔䛶᳨ウ䛧䛯䚹䜎䛯䚸in vivo 䛻䛚䛡䜛἞⒪ຠᯝ䛚䜘
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䜃Ᏻ඲ᛶ䛻䛴䛔䛶᳨ウ䛧䛯䚹 
➨ 2 ❶䛷䛿䚸䝧䝅䜽䝹ศᏊ䛸䛧䛶⣽⬊⭷䛾ᵓᡂᡂศ䛷䜒䛒䜛 L-䃐 -
dimyristoylphosphatidylcholine (DMPC)䛸䚸䝭䝉䝹ศᏊ䛸䛧䛶㧗䛔ಖỈᛶ䚸䝍䞁䝟䜽䞉⬡
㉁䛾ኚᛶᢚไ䛺䛹䛾ᛶ㉁䜢ᣢ䛴䃐 -D-Glucopyranosyl-䃐 -D-glucopyranoside 
onomyristate (TreC14)䛛䜙ᡂ䜛䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTreC14䠅䜢ㄪ〇䛧䚸⭷≀ᛶ
䛻䛴䛔䛶᳨ウ䛧䛯䚹DMTreC14䛿䚸70mol%䛜᭱䜒Ᏻᐃ䛧 100 nm௨ୗ䛾Ᏻᐃ䛧䛯⭷䜢
୍䛛᭶௨ୖ䛾㛗ᮇ㛫ᙧᡂ䛧䛯䚹୍᪉䚸30ཬ䜃 50mol%䛷䛿ㄪ〇┤ᚋ䛛䜙⭷┤ᚄ䛜୙
Ᏻᐃ䛷 200 nm䜢㉸䛘䛯⭷䜢ᙧᡂ䛧䛯䚹䛣䛾䛣䛸䛛䜙 DMTreC14 70mol%䠄DMTre䠅䛿䚸
⮫ᗋᛂ⏝䛻᭷⏝䛷䛒䜛䛣䛸䛜♧䛥䜜䛯䚹 
➨ 3 ❶䛷䛿䚸๓❶䛻䛚䛔䛶┤ᚄ 100 nm ௨ୗ䛾Ᏻᐃ䛺䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮
䠄DMTre䠅䜢⏝䛔䚸䝠䝖ᛴᛶ䝸䞁䝟ⱆ⌫ᛶⓑ⾑⑓䠄MOLT-4䠅⣽⬊䛻ᑐ䛩䜛 in vitro䛚䜘䜃 
in vivo 䛷䛾ไ䛜䜣ຠᯝ䛻䛴䛔䛶᳨ウ䛧䛯䚹DMTre 䛿 MOLT-4 ⣽⬊䛾ቑṪ䜢⃰ᗘ౫
Ꮡⓗ䛻ᢚไ䛧䚸DNA 䜢᩿∦໬䛥䛫䚸䜰䝫䝖䞊䝅䝇䜢ㄏᑟ䛩䜛䛣䛸䛜♧䛥䜜䛯䚹䜰䝫䝖䞊
䝅䝇ㄏᑟ䛻䛚䛡䜛䝅䜾䝘䝹ఏ㐩⤒㊰䜢᳨ウ䛧䛯䛸䛣䜝䚸DMTre 䛿䝭䝖䝁䞁䝗䝸䜰⭷㟁఩
䜢పୗ䛥䛫䚸䜹䝇䝨䞊䝇䛾άᛶ໬䛻䜘䜚䜰䝫䝖䞊䝅䝇䜢ㄏᑟ䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹
䛥䜙䛻䚸DMTre䛿MOLT-4⣽⬊⭷䛻⼥ྜ䞉⵳✚䛧䚸⭷ὶືᛶ䜢ቑ኱䛥䛫䛯䚹DMTre䜢
ฎ⌮䛧䛯 MOLT-4 ⣽⬊䛷䛿⬡㉁䝷䝣䝖䛾䜽䝷䝇䝍䞊ᙧᡂ䛜ほᐹ䛥䜜䛯䚹DMTre 䛾 in 
vivo 䛷䛾἞⒪ຠᯝཬ䜃䜰䝫䝖䞊䝅䝇ㄏᑟ䜢ⓑ⾑⑓⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛻䛶᳨
ウ䛧䛯䛸䛣䜝䚸DMTreᢞ୚⩌䛻䛚䛔䛶⭘⒆㔜㔞䛿㢧ⴭ䛻ῶᑡ䛧䚸᦬ฟ䛧䛯⭘⒆䛿䜰䝫
䝖䞊䝅䝇䜢ㄏᑟ䛧䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
➨ 4❶䛷䛿䚸DMTre䛾䝠䝖⫵⬊ᇶᗏୖ⓶⭢䛜䜣䠄A549䠅⣽⬊䛻ᑐ䛩䜛ቑṪᢚไຠᯝ
䛚䜘䜃㌿⛣䞉ᾐ₶ᢚไຠᯝ䛻䛴䛔䛶᳨ウ䛧䛯䚹䛥䜙䛻䚸⫵䛜䜣⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬
䜴䝇䛚䜘䜃ྠᡤ⛣᳜䝰䝕䝹䝬䜴䝇ᑐ䛩䜛἞⒪ຠᯝ䛻䛴䛔䛶᳨ウ䛧䛯䚹DMTre䛿 A549
⣽⬊䛾ቑṪ䜢⃰ᗘ౫Ꮡⓗ䛻ᢚไ䛧䛯䚹ḟ䛻䚸DMTre䛿ప⃰ᗘ䛷䛿 G0/1 arrest䜢ᘬ䛝
㉳䛣䛧䚸㧗⃰ᗘ䛷䛿䜰䝫䝖䞊䝅䝇䜢ㄏᑟ䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹䜰䝫䝖䞊䝅䝇ㄏᑟ䛻
䛚䛡䜛䝅䜾䝘䝹ఏ㐩⤒㊰䜢᳨ウ䛧䛯䛸䛣䜝䚸DMTre䛿䝭䝖䝁䞁䝗䝸䜰⭷㟁఩䜢పୗ䛥䛫䚸
䜹䝇䝨䞊䝇䛾άᛶ໬䛻䜘䜚䜰䝫䝖䞊䝅䝇䜢ㄏᑟ䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹䛥䜙䛻 DMTre
䛾 A549 ⣽⬊⭷䛻୚䛘䜛ᙳ㡪䛻䛴䛔䛶 ᐃ䛧䛯䚹DMTre 䛾⫵䛜䜣⣽⬊⭷䜈䛾⼥ྜ䞉
⵳✚䜢ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾䜢⏝䛔䛶ほᐹ䛧䛯䛸䛣䜝䚸ῧຍᚋ 30 ศ䛷⼥ྜ䞉⵳✚䜢
♧䛩⥳Ⰽ⺯ග䛜ほᐹ䛥䜜䚸䛭䛾ᚋ⤒᫬ⓗ䛻⺯ග㔞䛜ቑ኱䛧䛯䚹DMTre䛿䚸ῧຍᚋ 10
ศ䛷⫵䛜䜣⣽⬊䛾⣽⬊⭷ὶືᛶ䜢ቑຍ䛥䛫䛯䚹DMTre 䛾⫵䛜䜣⣽⬊䛻ᑐ䛩䜛㌿⛣䞉
ᾐ₶ᢚไຠᯝ䛻䛴䛔䛶᳨ウ䛧䛯䚹Invasion assay䚸Scratch assay䛚䜘䜃MMP-14䛾Ⓨ
⌧㔞䜢 ᐃ⤖ᯝ䛛䜙䚸DMTre 䛿⫵䛜䜣⣽⬊䛻ᑐ䛧㌿⛣䞉ᾐ₶䜢ᢚไ䛩䜛䛣䛸䛜᫂䜙䛛
䛸䛺䛳䛯䚹DMTre䛾 A549⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛻ᑐ䛩䜛἞⒪ຠᯝ䛚䜘䜃䜰䝫䝖
䞊䝅䝇ㄏᑟ䛻䛴䛔䛶᳨ウ䛧䛯䛸䛣䜝䚸DMTreᢞ୚⩌䛚䜘䜃 TreC14ᢞ୚⩌䛻䛚䛔䛶⭘
⒆య✚䛾ቑຍ䛿ᢚไ䛥䜜䛯䚹䜎䛯䚸DMTreᢞ୚⩌ཬ䜃 TreC14 ᢞ୚⩌䛿㢧ⴭ䛻⭘⒆
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㔜㔞䛾ῶᑡ䛜☜ㄆ䛥䜜䚸DMTre 䛾἞⒪ຠᯝ䛜♧䛥䜜䛯䚹᦬ฟ䛧䛯⭘⒆䜢 TUNEL ᰁ
Ⰽ䛧䚸ගᏛ㢧ᚤ㙾䛻䛶ほᐹ䜢⾜䛳䛯䚹DMTre ᢞ୚⩌䛾⭘⒆䛷䛿〓Ⰽ䛾䜰䝫䝖䞊䝅䝇
㝧ᛶ⣽⬊䛾㞟ᅋ䛜☜ㄆ䛥䜜䛯䛣䛸䛛䜙䚸DMTre 䛾 in vivo 䛷䛾䜰䝫䝖䞊䝅䝇ㄏᑟຠᯝ
䛜♧䛥䜜䛯䚹DMTre 䛾 A549 ⣽⬊ྠᡤ⛣᳜䝰䝕䝹䝬䜴䝇䛻ᑐ䛩䜛἞⒪ຠᯝ䛻䛴䛔䛶
᳨ウ䛧䛯䚹DMTre ᢞ୚⩌䛷䛿┦ᑐ⮚ჾ㔜㔞䛿㢧ⴭ䛻ῶᑡ䛧䛶䛚䜚 DMTre 䛾⫵䛜䜣
䛻ᑐ䛩䜛἞⒪ຠᯝ䛜♧䛥䜜䛯䚹HE ᰁⰍ䛧䛯⭘⒆ษ∦䛾⏬ീ䛛䜙䚸DMTre ᢞ୚⩌䛷
䛿⭘⒆䛾ቑṪ䛜ᢚไ䛥䜜䚸⫵⬊䛾✵㝽䜒ṇᖖ䛺⫵䛸ྠᵝ䛷䛒䛳䛯䚹 
➨ 5❶䛷䛿䚸䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾䝠䝖ங䛜䜣⣽⬊䛻ᑐ䛩䜛ไ䛜䜣䝯䜹䝙䝈䝮䛾ゎ
᫂ཬ䜃 in vivo 䛷䛾ங䛜䜣⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛻ᑐ䛩䜛἞⒪ຠᯝ䛻䛴䛔䛶᳨
ウ䛧䛯䚹DMTre 䛿䝠䝖ங⭢䛜䜣䠄MCF-7, MDA-MB-453䠅⣽⬊䛾ቑṪ䜢⃰ᗘ౫Ꮡⓗ䛻
ᢚไ䛧䛯䚹DMTre 䛾ங䛜䜣⣽⬊䛻ᑐ䛩䜛䜰䝫䝖䞊䝅䝇ㄏᑟ䜢 DNA ᩿∦໬⋡䛾 ᐃ
䛚䜘䜃䚸TUNELἲ䜢⏝䛔䛯ほᐹ䛻䛶᳨ウ䛧䛯䚹䝠䝖ங⭢䛜䜣䠄MCF-7, MDA-MB-453䠅
⣽⬊䛻ᑐ䛧䚸DMTre⃰ᗘ౫Ꮡⓗ䛻 DNA᩿∦໬䛜ᚓ䜙䜜䛯䚹ඹ↔Ⅼ䝺䞊䝄䞊㢧ᚤ㙾
䜢⏝䛔䛯ほᐹ䛛䜙䚸DMTre 䛷䛿 TUNEL㝧ᛶ䛷䛒䜛⥳Ⰽ⺯ග䛜ほᐹ䛥䜜䚸䜰䝫䝖䞊䝅
䝇ᑠ⬊䛜☜ㄆ䛥䜜䛯䚹DMTre䛾䝠䝖ங⭢䛜䜣䠄MCF-7, MDA-MB-453䠅⣽⬊䛻ᑐ䛩䜛䜰
䝫䝖䞊䝅䝇ㄏᑟ⤒㊰䛾᳨ウ䜢⾜䛳䛯䚹MCF-7⣽⬊䛿䚸Controlཬ䜃 DMPC䜢ฎ⌮䛧䛯
MCF-7⣽⬊䛻ẚ䜉䚸䜹䝇䝨䞊䝇-6, -9䛾άᛶ໬䛜♧䛥䜜䛯䚹DMTre䜢ฎ⌮䛧䛯MDA-
MB-453 ⣽⬊䛿䚸䜹䝇䝨䞊䝇-3,-6, -8, -9 䛾άᛶ໬䛧䛶䛔䜛䛣䛸䛜♧䛥䜜䛯䚹䜎䛯䚸
DMTre䛾䝠䝖ங⭢䛜䜣䠄MCF-7, MDA-MB-453䠅⣽⬊䝭䝖䝁䞁䝗䝸䜰⭷㟁఩䛻୚䛘䜛ᙳ㡪
䛻䛴䛔䛶 ᐃ䛧䛯䛸䛣䜝䚸DMTre 䜢ฎ⌮䛧䛯䝠䝖ங⭢䛜䜣䠄MCF-7, MDA-MB-453䠅⣽
⬊䝭䝖䝁䞁䝗䝸䜰⭷㟁఩䛿 Control 䛸ẚ䜉᭷ព䛻⭷㟁఩䛾ῶᑡ䛜♧䛥䜜䛯䚹᭦䛻䚸䝭䝖䝁
䞁䝗䝸䜰ෆ䛾 Cytochrome c㔞䜢 ᐃ䛧䛯䛸䛣䜝䚸Controlཬ䜃 DMPC䜢ฎ⌮䛧䛯MCF-
7⣽⬊䛸ẚ䜉䚸DMTre䜢ฎ⌮䛧䛯䝠䝖ங⭢䛜䜣䠄MCF-7, MDA-MB-453䠅⣽⬊䛾䝭䝖䝁䞁
䝗䝸䜰ෆ Cytochrome c 㔞䛿ῶᑡ䛧䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹䝠䝖ங⭢䛜䜣䠄MCF-7, 
MDA-MB-453䠅⣽⬊䛻䛚䛡䜛䜰䝫䝖䞊䝅䝇ㄏᑟ䛷䛿䚸䝕䝇䝺䝉䝥䝍䞊䜢⤒⏤䛩䜛䜹䝇
䝨䞊䝇-8䛾άᛶ䛜ᙅ䛔䛣䛸䛛䜙䚸䝭䝖䝁䞁䝗䝸䜰䛛䜙䜹䝇䝨䞊䝇䜢⤒⏤䛩䜛⤒㊰䛜୺⤒㊰
䛰䛸⪃䛘䜙䜜䜛䚹䛣䛾䛣䛸䛛䜙䚸䝭䝖䝁䞁䝗䝸䜰ୖὶ䛻䛒䜛䝇䝖䝺䝇ᛂ⟅䝅䜾䝘䝹䛷䛒䜛
pJNK 㔞䛾ኚ໬䜢 ᐃ䛧䛯䚹DMTre 䛿䝠䝖ங⭢䛜䜣䠄MCF-7, MDA-MB-453䠅⣽⬊䛾
pJNK 㔞䜢䚸Control ཬ䜃 DMPC ฎ⌮䛧䛯䝠䝖ங⭢䛜䜣䠄MCF-7, MDA-MB-453䠅⣽⬊
䛸ẚ䜉᭷ព䛻ቑຍ䛥䛫䛯䚹DMTre 䛾䝠䝖ங⭢䛜䜣䠄MCF-7, MDA-MB-453䠅⣽⬊⣽⬊
⭷䛻୚䛘䜛ᙳ㡪䜢⺯ග⬡㉁ྵ᭷䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾⣽⬊⭷䜈䛾⼥ྜ䞉⵳✚䚸⣽
⬊⭷ὶືᛶ䛻୚䛘䜛ᙳ㡪䛻䛴䛔䛶᳨ウ䛧䛯 DMTre 䛷ฎ⌮䛧䛯䝠䝖ங⭢䛜䜣䠄MCF-7, 
MDA-MB-453䠅⣽⬊䛿䚸᫬㛫⤒㐣䛸ඹ䛻 NBDPC 䛾⺯ග䛜ᙉ䛟䛺䜚䚸䝠䝖ங⭢䛜䜣
䠄MCF-7, MDA-MB-453䠅⣽⬊⭷䜈⼥ྜ䞉⵳✚䛧䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹䜎䛯䚸
DMTre 䛾䝠䝖ங⭢䛜䜣䠄MCF-7, MDA-MB-453䠅⣽⬊⭷䛻୚䛘䜛ᙳ㡪䛻䛴䛔䛶 ᐃ䛧
䛯䛸䛣䜝䚸DMTre䜢ฎ⌮䛧䛯䝠䝖ங⭢䛜䜣䠄MCF-7, MDA-MB-453䠅⣽⬊⭷䛿 Control 䛸
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ẚ䜉᭷ព䛻⭷ὶືᛶ䛾ቑ኱䛜♧䛥䜜䛯䚹䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䠄DMTre䠅䛾䝠䝖ங⭢䛜
䜣䠄MCF-7䠅⣽⬊䛻ᑐ䛩䜛㐟㉮ᢚไຠᯝ䛾᳨ウ䜢䛧䛯䚹DMTre 䜢ฎ⌮䛧䛯 MCF-7 ⣽
⬊䛷䛿䚸⛣ື䛜ᢚไ䛥䜜䚸๤㞳㠃✚䛜ከ䛟ṧ䛳䛶䛔䛯䚹DMTre 䛾 in vivo ἞⒪ຠᯝ䜢
䝠䝖ங⭢䛜䜣⣽⬊⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛻䛶᳨ウ䛧䛯䛸䛣䜝䚸DMTre ᢞ୚⩌䛻䛚䛔䛶
⭘⒆㔜㔞䛿㢧ⴭ䛻ῶᑡ䛧䛶䛔䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹 
➨ 6 ❶䛷䛿䚸䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾Ᏻ඲ᛶ䜢᳨ウ䛧䛯䚹䝬䜴䝇⾑ᾮ䜢⏝䛔䛶 in 
vitro 䛻䛚䛔䛶䚸ṇᖖ䝬䜴䝇䜢⏝䛔䛶⁐⾑ヨ㦂䚸2 㐌㛫཯᚟ᢞ୚ẘᛶヨ㦂䛚䜘䜃యෆ
ືែヨ㦂䜢 in vivo 䛻䛚䛔䛶⾜䛳䛯䚹DMTre 䛻䛚䛔䛶䛿 4.0㽢10-5 M 䛻䛶ⱝᖸ䛾⁐
⾑⋡䛾ୖ᪼䛜ぢ䜙䜜䛯䛜䚸⁐⾑⋡ 20䠂௨ୗ䛷䛒䜛䛣䛸䛛䜙⾑ᾮẘᛶ䛿ప䛔䛣䛸䛜♧䛥
䜜䛯䚹⮫ᗋᛂ⏝䜢┠ⓗ䛸䛧䚸䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾 in vivo 䛷䛾Ᏻ඲ᛶ䜢ṇᖖ䝬䜴䝇
䜢⏝䛔䛶᳨ウ䛧䛯䚹䚹Control ⩌䚸DMPC ཬ䜃 DMTreᢞ୚⩌䛷䛿ᑼᑿ䛿ṇᖖ䛷䛒䜚䚸
Ṛஸ౛䜒↓䛔䛯䜑䚸LD50௨ୗ䛷䛒䜛䛣䛸䛜᥎ 䛥䜜䛯䚹䜎䛯䚸Control ⩌䚸DMPC ཬ䜃
DMTreᢞ୚⩌䛷䛿䚸ᢞ୚ᮇ㛫୰䜎䛷య㔜䛾኱䛝䛺ቑῶ䛿䛺䛛䛳䛯䚹୍᪉䚸TreC14ᢞ
୚⩌䛻䛚䛔䛶䛿䚸య㔜䛾ῶᑡ䛜䜏䜙䜜䛯䚹᦬ฟ䛧䛯⮚ჾ䛾෗┿ほᐹ䛧䛯⤖ᯝ䚸඲䛶
䛾ᢞ୚⩌䛻䛚䛔䛶␗ᖖ䛿ぢ䜙䜜䛺䛛䛳䛯䚹ḟ䛻᦬ฟ䛧䛯⮚ჾ䛾┦ᑐ⮚ჾ㔜㔞䜢ẚ㍑
䛧䛯䚹DMPC ཬ䜃 DMTre ᢞ୚⩌䛷䛿⫵䚸ᚰ⮚䚸⫢⮚䚸⭈⮚䚸⭁⮚䛻䛚䛔䛶┦ᑐ⮚ჾ
㔜㔞䛿䚸Control ⩌䛸ྠᵝ䛷䛒䛳䛯䚹⾑ᾮ᳨ᰝ䛾⤖ᯝ䚸DMTre ᢞ୚⩌䛷䛿䚸඲䛶䛾㡯
┠䛻䛚䛔䛶 Control⩌䛸ྠᵝ䛷䛒䛳䛯䚹䛧䛛䛧䚸⾑ᑠᯈ䠄PLT䠅䛾ῶᑡ䛜☜ㄆ䛥䜜䛯䚹ḟ
䛻⏕໬Ꮫ᳨ᰝ䛾⤖ᯝ䛛䜙䚸DMTre 䛚䜘䜃 DMPC ᢞ୚⩌䛷䛿඲䛶䛾㡯┠䛻䛚䛔䛶
Control ⩌䛸ྠᵝ䛷䛒䜚኱䛝䛺␗ᖖ䛿ぢ䜙䜜䛺䛛䛳䛯䚹䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾యෆື
ែ䜢᳨ウ䛩䜛䛯䜑䛻䚸䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛻⺯ගᶆ㆑⬡㉁䜢ྵ᭷䛥䛫䚸ṇᖖ䝬䜴䝇
䛻ᑐ䛩䜛యෆືែヨ㦂䜢᳨ウ䛧䛯䚹⺯ග⬡㉁ྵ᭷䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮ᢞ୚ᚋ䛾⾑
Ύ୰䛾⺯ගᙉᗘ䜢⺯ගศගගᗘィ䛻䛶 ᐃ䛧䛯䛸䛣䜝䚸DMTre ཬ䜃 DMPC ᢞ୚⩌
䛾⾑Ύ୰䛾 NBDPC 䛾⺯ගᙉᗘ䛿ᢞ୚┤ᚋ䛻᭱኱䛸䛺䜚᫬㛫⤒㐣䛸ඹ䛻ῶᑡ䛧䛯䚹
䜎䛯䚸ྛ⤌⧊䜢⺯ග㢧ᚤ㙾䛻䛶ほᐹ䛧䛯⤖ᯝ䚸DMTre ཬ䜃 DMPC 䛻䛚䛔䛶 5 ศᚋ
䛾⫢⮚䛻䛚䛔䛶⥳Ⰽ⺯ග䛜☜ㄆ䛥䜜䛯䚹䛧䛛䛧䚸1 ᫬㛫ᚋ௨㝆䛾⫢⮚䛷䛿⺯ග䛿☜
ㄆ䛥䜜䛺䛛䛳䛯䚹 
௨ୖ䛾⤖ᯝ䛛䜙䚸DMTreC14 70 mol%䛿 RESᅇ㑊ྍ⬟䛺 100 nm௨ୗ䛾⭷┤ᚄ䛷
୍䞄᭶௨ୖᏳᐃ䛧䚸⮫ᗋᛂ⏝ྍ⬟䛺⭷䜢ᙧᡂ䛩䜛䛣䛸䜢᫂䜙䛛䛸䛧䛯䚹䜎䛯䚸DMTre䛿
✀䚻䛾䛜䜣䠄MOLT-4, A549, MCF-7, MDA-MB-453䠅⣽⬊䛻ᑐ䛧㢧ⴭ䛺ቑṪᢚไ䜢♧
䛧䜰䝫䝖䞊䝅䝇䜢ㄏᑟ䛩䜛䛣䛸䜢᫂䜙䛛䛻䛧䛯䚹䜎䛯䚸䜰䝫䝖䞊䝅䝇ㄏᑟ䛾䝅䜾䝘䝹ఏ㐩
䛻䛚䛔䛶䚸䜹䝇䝨䞊䝇䛚䜘䜃䝭䝖䝁䞁䝗䝸䜰䜢⤒⏤䛩䜛䛣䛸䛜♧䛥䜜䛯䚹䜎䛯䚸ங䛜䜣⣽
⬊䛷䛿䝸䞁㓟໬ JNK㔞䛾ቑຍ䛛䜙䚸䝇䝖䝺䝇䝅䜾䝘䝹⤒㊰䛾⤒⏤䛜♧၀䛥䜜䛯䠄Fig. 7-
1䠅䚹䛥䜙䛻䚸⫵䛜䜣⣽⬊ཬ䜃ங䛜䜣⣽⬊䛻ᑐ䛧㌿⛣ᾐ₶ᢚไຠᯝ䜢♧䛧䛯䚹in vivo 
䛷䛾἞⒪ຠᯝ䛾᳨ウ䛷䛿䚸ⓑ⾑⑓䜔⫵䛜䜣⣽⬊䛻ᑐ䛧ඃ䜜䛯἞⒪ຠᯝ䛚䜘䜃䜰䝫䝖
䞊䝅䝇ㄏᑟຠᯝ䛜᫂䜙䛛䛸䛺䛳䛯䚹Ᏻ඲ᛶヨ㦂䛾⤖ᯝ䛛䜙䚸䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛿
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Fig. 7-1 Schematic representation of a mechanism for apoptosis of cancer cells induced 
by DMTre. 
 
䝖䝺䝝䝻䞊䝇䝸䝫䝋䞊䝮䛾Ᏻ඲ᛶ䜔 in vivo䛷䛾἞⒪ຠᯝ䛜♧䛥䜜䛯䛣䛸䛛䜙䚸௒ᚋ䛾
⮫ᗋᛂ⏝䛾ྍ⬟ᛶ䛜㧗䜎䛳䛯䛣䛸䛿᭷ព⩏䛺◊✲ᡂᯝ䛰䛸⪃䛘䜛䚹䛥䜙䛻ከ䛟䛾▱ぢ
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ᮏ◊✲䜢⾜䛖ୖ䛷䚸䜎䛯䚸ᮏㄽᩥ䜢సᡂ䛩䜛䛻䛒䛯䜚䚸⤊ጞᚚ᠓ษ䛺ᚚᣦᑟ䛺䜙䜃䛻
ᚚ㠴᧡䜢㈷䜚䜎䛧䛯ᯇᮏ㝧Ꮚᩍᤵ䛻῝䛟ឤㅰ⮴䛧䜎䛩䚹 
ᮏㄽᩥ䜢సᡂ䛩䜛䛻䛒䛯䜚䚸ᯇୗ⌶ᩍᤵ䛻䛿㈗㔜䛺ᚚᩍ♧䛺䜙䜃䛻ᚚຓゝ䜢㈷䜚䜎
䛧䛯䚹䛣䛣䛻῝䛟ឤㅰ䛾ព䜢⾲䛧䜎䛩䚹 
ᮏㄽᩥᇳ➹䛻䛒䛯䜚䚸ᑎᮏ♸ྖᩍᤵ䛻䛿㈗㔜䛺ᚚពぢ䜢㈷䜚䜎䛧䛯䚹䛣䛣䛻῝䛟ឤㅰ
䛾ព䜢⾲䛧䜎䛩䚹 
ᮏ◊✲䜢㐍䜑䜛䛻䛒䛯䜚㈗㔜䛺ᚚᩍ♧䛺䜙䜃䛻ᚚຓゝ䜢㡬䛝䜎䛧䛯ᕷཎⱥ᫂෸ᩍᤵ
䛻ཌ䛟ᚚ♩⏦䛧ୖ䛢䜎䛩䚹 
ᮏ◊✲䜢⾜䛖ୖ䛷㈗㔜䛺ᚚຓゝ䜢㡬䛝䜎䛧䛯ᚋ⸨ᾈ୍ᩍᤵ䚸ྂỈ㞝ᚿ෸ᩍᤵ䛻῝䛟
ឤㅰ⮴䛧䜎䛩䚹 
኱Ꮫ㝔䝉䝭䝘䞊➼䜢㏻䛨䛶䚸ᮏᏛᛂ⏝⏕࿨⛉Ꮫᑓᨷ䛾ㅖඛ⏕᪉䛻䛿ከ኱䛺ᚚᩍ♧
䛸ᚚຓゝ䜢㈷䜚䜎䛧䛯䛣䛸䜢ㅽ䜣䛷ᚚ♩⏦䛧ୖ䛢䜎䛩䚹 
ඃ䜜䛯◊✲ᡂᯝ䜢ṧ䛧䛶䛔䛛䜜䛯ඛ㍮᪉䜢䛿䛨䜑䚸ⱞᴦ䜢ඹ䛻䛧䛶䛝䛯ྠ◊✲ᐊ䛾
Ꮫ⏕ㅖẶ䚸≉䛻ᐇ㦂㠃䛷༠ຊ䛧䛶㡬䛔䛯ᯇᮏᘪ⨾䛥䜣䚸᱓㔝ᑗዲྩ䚸✄ᮧᜏுྩ䚸
ዟᮧ┿ᶞྩ䚸ඖᮧ᐀ㄔྩ䚸ᒣୗᙬ䛥䜣䚸Ọග⌮⣪䛥䜣䚸ἼከỤᝆྩ䛻῝䛟ᚚ♩⏦䛧ୖ
䛢䜎䛩䚹 
